UK Patent Application ™,GB ,,,,2356651 .,»A 



(43) Date of A Publication 30.052001 



(21) 


Application No 0013661.4 


(51) 


INTCL^ 

E21B7/20 33/1443/10 






(52) 


UK CL (Edition S ) 




r nvi rey waia 

1111 ftfltWMfl I17flfi.1999 f^l llfi 
(Oil DU14/Sk9v I<i9»I V#AIV.I939 UO 




E1F RAC FAC9 FLA 






|3»| 


UD #% UD r tnwrca A Z9e/9S>^ A 




Appllcant(s) 

Shan hitarwationate Rasaarah Maatachappij B»V. 
(IncorporatMl in tlM Nachariamli} 
Dapartmant IP/43 Card Vm BylandtUan 30, 
2596 HR Tha Hague, Netherlands 


(71) 


(58) 


rSn^n^OCA A fSn 99AACfie A A 

BP U091994 A WO 99/a93o8 A WO 98/006Z6 A 
SU 001324722 A 

Reld of Search 
UK CL (Edition S ) B3J » E1F FJT FLA 


(72) 


Inventoris) 




INTCL^ B21D,E21B 




RotortLaneaCook 




Onfine: WPI. EPOIXX;, JARO 




David Paul Brisco 






R Bruce Stewart 








Lev Ring 


(74) 


Agent andAor Address for Service 




Richard CariHaut 




HaseHinB Laka & Co 




Robert DIMack 




Imperial House, 15-19 Kingsway, LONDOIt 




AianBOuell 




WC2B 6UD, United Kingdom 




Andrei G FBippov 








Reece Edward Wyant 








James Jang Woo Nahm 







(54) Abstract Title 

An expansion mandrel having a hibricatfaig and setf-deaning system 



(57) An expansion mandrel 5100 includes a lubrication system for lubricating the trailing edge portion of the 
interface between the mandrel and a tubular memt)er. During radial expansion of the tubular member, 
lubricating fluids are transmitted from the area in front of the mandrel into circumferential grooves 51 15a and 
b via intemal flow passages 5120a and b. Other configurations of grooves and flow passages on the mandrel 
are disclosed (figs 33-39). 
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lubricating fluids are injected into the internal flow passages 5420 by pressurizing the 
area behind the rear 5400b eacpansion cone 5400 during the radial expansion process. 

In a preferred embodiment, the expansion cone 5400 includes a plurality of 
circumferential grooves 5415. In a preferred embodiment, the cross sectional area of 
5 the circumferential grooves 5415 range from about 2X10"^ m^ to 5X10"^ in^ m order 
to optimally provide lubrication to the trailing edge portion of the interface between 
the expansion cone 5400 and a tubular member during the radial expansion process. 
In apreferred embodiment, the expansion cone 5400 includes circumferential grooves 
5415 that are concentrated about the axial midpoint of the tapered portion 5405 in 

10 order to optimally provide lubrication to the trailing edge portion of the interface 
between the e^iansion cone 5400 and a tubular member during the radial ejspansion 
process. In a prrferred embodiment, the circumferential grooves 5415 are equally 
spaced along the trailing edge portion of the expansion cone 5400 in order to 
optimally provide lubrication to the trailing edge portion of the interface between the 

15 expansion cone 5400 and a tubular member during the radial expansion process. 

In a preferred embodiment, the expansion cone 5400 includes a plurality of 
axial grooves 5420 coupled to each of the circumferential grooves 5415. In apreferred 
embodiment, the axial grooves 5420 fluidicly couple the front end and the rear end 
of the expansion cone 5400. In a preferred embodiment, the cross sectional area of 

20 the axial grooves 5420 range from about 2X10^ in^ to 5X10'^ in*, respectively, in order 
to optimally provide lubrication to the trailing edge portion of the interface between 
the expansion cone 5400 and a tubular member during the radial esqpansion process. 
In a preferred embodiment, the cross sectional area of the circumferential grooves 
5415 is greater than the cross sectional area of the axial grooves 5420 in order to 

25 • minimize resistance to fluid flow. In a preferred embodiment, the axial grooves 5420 
are spaced apart in the circumferential direction by at least about 3 inches in order 
to optimally provide lubrication dviring the radial expansion process. 

Referring to FIG. 36, another embodiment of a system for lubricating the 
interface between an expansion cone and a tubular member during the expansion 
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predetermined level, a plug 2045. dart, or other similar device is introduced into the 
first fluidic material. The plug 2045 lodges in the throat passage 2040 thereby 
fluidicly isolating the fluid passage 1990 from the fluid passage 1995. 

After placement of the plug 2045 in the throat passage 2040, a second fluidic 
5 material is pumped into the fluid passage 1975 in order to pressurize the pressure 

chamber 2030. The second fluidic material may comprise any number of conventional 
commercially available materials such as. for example, water, drilling gases, drilling 
mud or lubricant. The second fluidic material coniprises a non-hardenable fluidic 
material such as, for example, water, drilling mud or lubricant in order minimize 

10 frictional forces. 

The second fluidic material may be pumped into the apparatus 1900 at 
operating pressures and flow rates ranging, for example, from about 0 to 4.500 psi and 
0 to 4,500 gallons/minute. The second fluidic material is pumped into the apparatus 
1900 at operating pressures and flow rates ranging from about 0 to 3.500 psi, and 0 to 
15 1 ,200 gallons/minute in order to optimally provide expansion of the casing 1970. 

The pressurization of the pressure chamber 2030 causes the upper sealing head 
1925. outer sealing mandrel 1935. and expansion cone 1945 to move in an axial 
direction. As the expansion cone 1945 moves in the axial direction, the expansion 
cone 1945 pulls the mandrel launcher 1950 and drag blocks 1965 along, which sets the 
mechanical slips 1960 and stops further axial movement of the mandrel launcher 1950 
and casing 1970. In this manner, the axial movement of the expansion cone 1945 
radially expands the mandrel launcher 1950 and casing 1970. 

Once the upper sealing head 1925. outer sealing mandrel 1 935, and expansion 
cone 1945 complete an axial stroke, the operating pressure of the second fluidic 
2 5 material is reduced and the drill string 1 905 is raised. This causes the inner sealing 
mandrel 1920. lower sealing head 1930, load mandrel 1940, and mechanical slip body 
1955 to move upward. This unsets the mechanical slips 1960 and permits the 
mechanical slips I960 and drag blocks 1965 to be moved upward within the mandrel 
launcher and casing 1 970. When the lower sealing head 1930 contacts the upper 
30 sealing head 1925. the second fluidic material is again pressurized and the radial 
expansion process continues. In this manner, the mandrel launcher 1950 and casing 
1970 are radial expanded through repeated axial strokes of the upper sealing head 
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1925, outer sealing mandrel 1935 and expansion cone 1945. Throughput the radial 
expansion process, the upper end of the casing 1970 is preferably maintained in an 
overlapping relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 1970 is 
expanded into intimate contact with the inside surface of the lower end of the existing 
wellbore casing. The sealing members provided at the upper end of the casing 1970 
provide a fluidic seal between the outside surface of the upper end of the casing 1970 
and the inside surface of the lower end of the existing wellbore casing. The contact 
pressure between the casing 1970 and the existing section of wellbore casing ranges 
from about 400 to 10,000 psi in order to optimally provide contact pressure for 
activating sealing members, provide optimal resistance to axial movement of the 
expanded casing 1970, and optimally support typical tensile and compressive loads. 

As the expansion cone 1945 nears the end of the casing 1970, the operating 
flow rate of the second fluidic material is reduced in order to minimize shock to the 
apparatus 1900. The apparatus 1900 includes a shock absorber for absorbing the shock 
created by the completion of the radial expansion of the casing 1970. 

The reduced operating pressure of the second fluidic material ranges from about 
100 to 1,000 psi as the expansion cone 1945 nears the end of the casing 1970 in order 
to optimally provide reduced axial movement and velocity of the expansion cone 1945. 
The operating pressure of the second fluidic material is reduced during the return 
stroke of the apparatus 1900 to the range of about 0 to 500 psi in order minimize the 
resistance to the movement of the expansion cone 1945. The stroke length of the 
apparatus 1900 ranges from about 10 to 45 feet in order to optimally provide 
equipment lengths that can be handled by typical oil well rigging equipment while also 
minimizing the frequency at which the expansion cone 1945 must be stopped so the 
apparatus 1900 can be re-stroked for further expansion operations. 

At least a portion of the upper sealing head 1925 includes an expansion cone 
for radially expanding the mandrel launcher 1950 and casing 1970 during operation of 
the apparatus 1900 in order to increase the surface area of the casing 1970 acted upon 
during the radial expansion process. In this manner, the operating pressures can be 
reduced. 
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10 to 45 ft (3,048 metres to 13,716 metres) 

0.005 to 0.125 inches (0,000127 to 0,0003175 metres) 

500 to 40,000 psi (35 1 .550,00 to 28. 1 24.000,00 Kg/m^) 

0 to 9,000 psi and 0 to 5,000 gallons/minute (0 to 6.327.900.00 Kg/m* and 0 to 

79.264,426 litres/sec.) 

10 to 45 ft (3,048 metres to 13,716 metres) 

0 to 10,000 psi and 0 to 3,000 ^lions/minute (0 to 7.031.000,00 Kg/m^ and 0 to 
189,24 litres/sec.) 

0 to 12,000 psi and 0 to 3,500 gallons/minute (0 to 8.437.200,00 Kg/m^ and 0 to 
220,78 litres/sec) 

0 to 12,000 psi and 0 to 10,000 gallons/minute (0 to 8.437.200,00 Kg/m^ and 0 to 
630,80 litres/sec) 

0 to 5,000 psi and 40 to 3,000 gallons/minute (0 to 3.515.500,00 Kg/m^ and 2,5232 to 
189,24 litres/sec) 

1,000 to 9,000 psi (703. 100,00 to 6.327.900,00 Kg/m^) 

3 to 15.5 inches (0,0762 to 0,3937 metres) 

3.5 to 16 inches (0,0889 to 0,4064 metres) 

0 to 9,000 psi (0 to 6.327.900,00 Kg/m^) 

0 to 3.000 gallons/minute (0 to 189,24 litres/sec.) 
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of the tubular members beyond the mandrel is pressurized to pressures ranging from 
about 500 to 9,000 psi. In a preferred embodiment, the first tubular member 
comprises a production casing. In a preferred embodiment, the contact between the 
first tubular member and the outer casing is sealed. In a preferred embodiment, the 
5 contact between the second tubular member and the outer casing is sealed. In a 
preferred embodiment, the expanded first tubxilar member is supported using the 
outer casing. In a preferred embodiment, the expanded second tubular member is 
supported using the outer casing. In a preferred embodiment, the integrity of the 
seal in the contact between the first tubular member and the outer casing is tested. 
10 In a preferred embodiment, the integrity of the seal in the contact between the 
second tubular member and the outer casing is tested. In a preferred embodiment, 
the mandrel is caught upon the completion of the extruding. In a preferred 
embodiment, the mandrel is drilled out. In a preferred embodiment, the mandrel 
is supported with coiled tubing. In a preferred embodiment, the mandrel is coupled 
15 to a drillable shoe. 

An apparatus has also been described that includes an outer tubular member, 
and a plurahty of substantially concentric and overlapping inner tubular members 
coupled to the outer tubtilar member. Each inner tubular member is supported by 
contact pressure between an outer surface of the inner casing and an inner surface 
20 of the outer inner tubular member. In a preferred embodiment, the outer tubular 
member hasayieldstrengthrangingfix)m about 40,000 to 135,000 psi. Inapreferred 
embodiment, the outer tubular member has a burst strength ranging fix>m about 
5,000 to 20,000 psi. In a preferred embodiment, the contact pressure between the 
inner tubular members and the outer tubular member ranges from about 500 to 
25 10,000 psi. In a preferred embodiment, one or more of the inner tubular members 
include one or more sealing members that contact with an inner surface of the outer 
tubular member. In a preferred embodiment, the sealing members are selected from 
the group consisting of rubber, lead, plastic, and epoxy. 
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4310 during and upon the completion of the radial expansion process is mininiized. 

The 0-ring 4325 is supported by the O-ring groove 4320, The 0-ring 4325 
optimally ensures that a fluid-tight seal is maintained between the first tubular 
member 4305 and the second tubular member 4310 throughout and upon the 
5 completion of the radial expansion process. 

Referring to FIG. 28, an alternative embodiment of an expandable threaded 
connection 4500 will now be described. The expandable threaded connection 4500 
includes a first tubular member 4505, a second tubular member 4510, a threaded 
connection 4515, an O-ring groove 4520, and an O-ring 4525. 
10 The first tubular member 4505 includes an inside wall 4530 and an outside 

wall 4535. The-first tubular member 4305 preferably comprises an annular member 
having a substantially constant wall thickness. The second tubular member 
4510 includes an inside wall 4540 and an outside wall 4545. The second tubular 
member 4510 preferably comprises an ^nn^ il^r member having a substantially 
15 constant wall thickness. 

The first and second tabular members, 4505 and 4510, may comprise any 
number of conventional commercially available members. In a preferred 
embodiment, the inside and outside diameters of the first and second tubular 
members, 4505 and 4510, are substantially equal. In this manner, the burst strength 
20 of the tubular members, 4505 and 4510, are substantially equal. This minimizes the 
possibility of a catastrophic failure during the radial expansion process. 

The threaded connection 4515 may comprise aiiy number of conventional 
threaded connections suitable for use with tubular members. In a preferred 
embodiment, the threaded connection 4515 comprises a pin-and-box threaded 
25 connection. In this manner, the assembly of the first tubular member 4505 to the 
second tubular member 4510 is optimized. 

The O-ring groove 4520 is preferably provided in the threaded portion of the 
interior wall 4540 of the second tubular member 45 10 immediately adjacent to an end 
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portion of the threaded connection 4515. In this manner^ the sealing efifect provided 
by the 0-ring 4525 is optimized. The 0-ring groove 4520 is preferably adapted to 
receive and support one or more 0-rings. The volumetric size of the 0-ring groove 
4520 is preferably selected to permit the 0-ring 4525 to expand at least approximately 
5 20% in the axial direction during the radial expansion process. In this manner, 
deformation of the outer surface 4545 of the second tubular member 45 10 during and 
upon the completion of the radial expansion process is minimized. 

The 0-ring 4525 is supported by the 0-ring groove 4520. The 0*ring 4525 
optimally ensures that a fluid-tight seal is maintained between the first tubular 

10 member 4505 and the second tubular member 4510 throughout and upon the 
completion of the radial e^qpansion process. 

Referring to FIG. 29, an alternative embodiment of an expandable threaded 
connection 4700 will now be described. The expandable threaded connection 4700 
includes a first tubular member 4705, a second tubular member 4710, a threaded 

15 connection 47 15. an 0-ring groove 4720, a first 0-ring 4725, and a second 0-ring 
4730. 

The first tubular member 4705 includes an inside wall 4735 and an outside 
wall 4740. The fii^tubxilar member 4705 preferably comprises an annular menober 
having a substantially constant wall thickness. The second tubular member 

20 4710 includes an inside wall 4745 and an out^de wall 4750. The second tubular 
member 4710 preferably comprises an annular member having a substantially 
constant wall thickness. 

The first and second tubular members, 4705 and 4710, may comprise any 
number of conventional commercially available members. In a preferred 

25 embodiment, the inside and outside diameters of the first and second tubular 
members, 4705 and 4710, are substantially equal. In this maimer, the burst strength 
of the tubular members, 4705 and 4710, are substantially equal. This minimizes the 
possibility of a catastrophic failure during the radial expansion process. 
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2335 and the outer surface of the inner sealing mandrel 2330 may range, for example, 
from about 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance 
between the inner cylindrical surface of the upper sealing head 2335 and the outer 
surface of the inner sealing mandrel 2330 ranges from about 0.005 to 0.01 inches in 
5 order to toptimaUy provide Tninimal clearance. The radial clearance between the outer 
cylindrical surface of the upper sealing head 2335 and the inner surface of the casing 
2375 may range, for example, from about 0.025 to 0.375 inches. In a preferred 
embodiment, the radial clearance between the outer cylindrical surface of the upper 
sealing head 2335 and the inner surface of the casing 2375 ranges from about 0.025 

10 to 0.125 inches in order to optimally provide stabilization for the expansion cone 2355 
during the expansion process. 

The upper sealing head 2335 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The upper sealing head 2335 may 
be fabricated from any nimiber of conventional commercially available materials such 

15 as, for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless 
steel or other similar high strength materials. In a preferred embodiment, the upper 
sealing head 2335 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. The inner surface of the 
upper sealing head 2335 preferably includes one or more annular sealing members 

20 2435 for sealing the mterface between the upper sealing head 2335 and the inner 
sealing mandrel 2330. The sealing members 2435 may comprise any number of 
conventional commercially available anniQar sealing members such as, for example, 
o-rings, polypak seals or metal spring energized seals. In a preferred embodiment, 
the sealing members 2435 comprise polypak seals available fi^m Parker Seals in 

25 order to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2335 includes a shoulder 
2440 for supporting the upper sealing head on the lower sealing head 1930. 

The upper sealing head 2335 may be coupled to the outer sealing mandrel 2350 
using any number of conventional commercially available mechanical couplings such 
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as, for example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. In a 
preferred embodiment, the upper sealing head 2335 is removably coupled to the outer 
sealing mandrel 2350 by a standard threaded connection. In a preferred 
5 embodiment, the mechanical coupling between the upper sealing head 2335 and the 
outer sealing mandrel 2350 includes one or more sealing members 2445 for fluidicly 
sealing the interface between the upper sealing head 2335 and the outer sealing 
mandrel 2350. The sealing members 2445 may comprise any nxmiber of conventional 
commercially available sealing members such as, for example, o-rings, polypak seals 

10 or metal spring energized seals. In a preferred embodiment, the sealing members 
2445 comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for long axial strokes. 

The lower sealing head 2340 is coupled to the inner sealing mandrel 2330 and 
the load mandrel 2345. The lower sealing head 2340 is also movably coupled to the 

15 inner surface of the outer sealing mandrel 2350. In this manner, the upper sealing 
head 2335 and outer sealing mandrel 2350 reciprocate in the axial direction. The 
radial clearance between the outer surface of the lower sealing head 2340 and the 
inner surface of the outer sealing mandrel 2350 may range, for example, from about 
0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance between the 

20 outer surface of the lower sealing head 2340 and the inner surface of the outer sealing 
mandrel 2350 ranges from about 0.005 to 0.010 inches in order to optimally provide 
minimal radial clearance. 

The lower sealing head 2340 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The lower sealing head 2340 may 

25 be fabricated from any niunber of conventional commercially available materials such 
as, for example, oilfield tubular members, low alloy steel, carbon steel, stainless steel 
or other similar high strength materials. In a preferred embodiment, the lower 
sealing head 2340 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. The outer surface of the 
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lower sealing head 2340 preferably includes one or more annular sealing members 
2450 for sealing the interface between the lower sealing head 2340 and the outer 
sealing mandrel 2360. The sealing members 2450 may comprise any number of 
conventional commerciaUy available annular sealing members such as, for example, 
o-rings, polypak seals or metal spring energized seals. In ^i preferred embodiment, 
the sealing members 2450 comprise polypak seals available from Parker Seals m 
order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2340 may be coupled to the inner sealing mandrel 2330 
using any number of conventional conunercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular specialty threaded 
connection, welding, amorphous bonding, or standard threaded connection. In a 
preferred embodiment, the lower sealing head 2340 is removably coupled to the inner 
sealing mandrel 2330 by a standard threaded connection. In a preferred 
embodiment, the mechanical coupling between the lower sealing head 2340 and the 
inner sealing mandrel 2330 includes one or more sealing members 2455 for fliudicly 
sealing the interface between the lower sealing head 2340 and the inner sealing 
mandrel 2330. The sealing members 2455 may comprise any number of conventional 
commercially available sealing members such as, for example, o-rings, polypak or 
metal spring energized seals. In a preferred embodiment, the sealing members 2455 
comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for a long axial stroke length. 

The lower sealing head 2340 may be coupled to the load mandrel 2345 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield coxmtiy tubular goods specially threaded 
connection, welding, amorphous bonding or a standard threaded connection. In a 
preferred embodiment, the lower sealing head 2340 is removably coupled to the load 
mandrel 2345 by a standard threaded connection. In a preferred embodiment, the 
mechanical coupling between the lower sealing head 2340 and the load mandrel 2345 
includes one or more sealing members 2460 for fluidicly sealing the interface between 
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the lower sealing head 2340 and the load mandrel 2345. The sealing members 2460 
may comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 2460 comprise polypak seals available 
5 from Parker Seals in order to optimally provide sealing for a long axial stroke lengthi 
In a preferred embodiment, the lower sealing head 2340 includes a throat 
passage 2465 fluidicly coupled between the fluid passages 2405 and 2415. The throat 
passage 2465 is preferably of reduced size and is adapted to receive and engage with 
a plug 2470, or other similar device. In this manner, the flmd passage 2405 is 

10 fluidicly isolated from the fluid passage 2415. In this manner, the presstire chamber 
2475 is pressurized. 

The outer sealing mandrel 2350 is coupled to the upper sealing head 2335 and 
the expansion cone 2355. The outer sealing mandrel 2350 is also movably coupled to 
the inner siuface of the casing 2375 and the outer surface of the lower sealing head 

15 2340. In this manner, the upper sealmg head 2335, outer sealing mandrel 2350, and 
the expansion cone 2355 reciprocate in the axial direction. The radial clearance 
between the outer surface of the outer sealing mandrel 2350 and the inner surface 
of the casing 2375 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer surface of the outer 

20 sealing mandrel 2350 and the inner surface of the casing 2375 ranges from about 
0.025 to 0.125 inches in order to optimaUy provide stabilization for the expansion 
cone 2355 during the expansion process. The radial clearance between the inner 
surface of the outer sealing mandrel 2350 and the outer surface of the lower sealing 
head 2340 may range, for example, from about 0.0025 to 0.375 inches. In apreferred 

25 embodiment, the radial clearance between the inner surface of the outer sealing 
mandrel 2350 and the outer surface of the lower sealing head 2340 ranges from about 
0.005 to 0.010 inches in order to optimally provide miniTnal clearance. 

The outer sealing mandrel 2350 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The outer sealing mandrel 
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2350 may be fabricated from any number of conventional commerciaUy available 
materials such as, for example, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the outer sealing 
mandrel 2350 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. 

The outer sealingmandrel 2350 may be coupled to the upper sealing head 2335 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connections, oilfield country tubular goods specialty 
threaded connections, welding, amorphous bonding, or a standard threaded 
connection. In a preferred embodiment, the outer sealingmandrel 2350 is removably 
coupled to the upper sealinghead 2335 by a standard threaded connection. The outer 
sealing mandrel 2350 may be coupled to the expansion cone 2355 using any number 
of conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty threaded connection, 
welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the outer sealing mandrel 2350 is removably coupled to the expansion 
cone 2355 by a standard threaded connection. 

The upper sealinghead 2335, the lower sealing head 2340, the inner sealing 
mandrel 2330, and the outer sealing mandrel 2350 together define a pressure 
chamber 2475. The pressure chamber 2475 is fluidicly coupled to the passage 2405 
via one or more passages 2410. During operation of the apparatus 2300, the plug 
2470 engages with the throat passage 2465 to fluidicly isolate the fluid passage 2415 
firom the fluid passi^ 2405. The pressure chamber 2475 is then pressurized which 
in tarn causes the upper sealing head 2335, outer sealing mandrel 2350, and 
expansion cone 2355 to reciprocate in the axial direction. The axial motion of the 
expansion cone 2355 in turn expands the casing 2375 in the radial direction. 

The load mandrel 2345 is coupled to the lower sealing head 2340 and the 
mechanical slip body 2360. The load mandrel 2345 preferably comprises an annular 
member having substantially q^lindrical irmer and outer surfaces. The load mandrel 
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2345 may be fabricated from any number of conventional conomerciaUy available 
materials such as, for example, oilfleld country tubular goods, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the load mandrel 2345 is fabricated from stainless steel in order to 
5 optimally provide high strength, corrosion resistance, and low friction surfaces. 

The load mandrel 2345 may be coupled to the lower sealing head 2340 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe cormection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding or a standard threaded coimection. In a 

10 preferred embodiment, the load mandrel 2345 is removably coupled to the lower 
sealing head 2340 by a standard threaded connection. The load mandrel 2345 may 
be coupled to the mechanidd sUp body 2360 usmg any number of conventional 
commercially available mechanical couplings such as, for fxample, drillpipe 
coimection, oilfield country tubular goods specialty threaded cormection, welding, 

15 axnorphous bonding, or a standard threaded connection. In a preferred embodiment, 
the load mandrel 2345 is removably coupled to the mechanical slip body 2360 by a 
standard threaded connection. 

The load mandrel 2345 preferably includes a flmd passa^ 2415 that is adapted 
to convey fluidic materials from the fluid passage 2405 to the^region outside of the 

20 apparatus 2300. In a preferred embodiment, the fluid passage 2415 is adapted to 
convey fluidic materials such as, for example, cement, epoigr, water, drilling mud or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The expansion cone 2355 is coupled to the outer sealing mandrel 2350. The 

25 expansion cone 2355 is also movably coupled to the inner surface of the casing 2375. 
In this manner, the upper sealing head 2335, outer sealing mandrel 2350, and the 
expansion cone 2355 reciprocate in the axial direction. The reciprocation of the 
expansion cone 2355 causes the casing 2375 to expand in the radial direction. 
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drillpipe 2305 may be coupled to the innerstring adapter 2310 using any number of 
conventional commercially avaUable mechanical couplings such as, for example, 
drillpipe connection, oilfield coimtry tubular goods specialty threaded connection, or 
a standard threaded coxmection. In a preferred embodiment, the drillpipe 2305 is 
5 removably cotipled to the innerstring adapter 2310 by a drillpipe connection. * 

The drillpipe 2305 preferably includes a fluid passage 2380 that is adapted to 
convey fluidic materials from a surface location into the fluid passage 2385. In a 
preferred embodiment, the fluid passage 2380 is adapted to convey fluidic materials 
such as, for example, cement, water, epoxy, drilling muds; or lubricants at operating 

10 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 5,000 
gallons/minute in order to optimally provide operational efficiency. 

The innerstring adapter 23 10 is coupled to the drill string 2305 and the sealing 
sleeve 2315. The innerstring adapter 2310 preferably comprises a substantially 
hollow tubular member or members. The mnerstring adapter 23 10 may be fabricated 

15 from any number of conventional commercially available materials such as, for 
example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel 
or other simil ar high strength materials. In a preferred embodiment, the innerstring 
adapter 2310 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low fiiction surfaces. 

20 The innerstring adapter 23 10 may be coupled to the drill string 2305 using any 

niunber of conventional commerciaDy available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
innerstring adapter 2310 is removably coupled to the drill pipe 2305 by a drillpipe 

25 connection. The innerstring adapter 2310 may be coupled to the sealing sleeve 2315 
using any number of conventional commercially available mechanical couplings such 
as, for example, a drillpipe connection, oilfield coimtry tubular goods specialty 
threaded connection, or a standard threaded connection. In a preferred embodiment, 
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the innerstring adapter 2310 is removably coupled to the sealing sleeve 2315 by a 
standard threaded connection. 

The innerstring adapter 2310 preferably includes a fluid passage 2385 that is 
adapted to convey fluidic materials from the fluid passage 2380 into the fluid passage 
2390. In aprefenred embodiment, thefluid passage 2385 is adapted to convey fluidic 
materials such as, for.example, cement, epoxy, water, drilling mud, drilling gases or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The sealing sleeve 2315 is coupled to the innerstring adapter 2310 and the 
hydraulic slip body 2320. The sealing sleeve 2315 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 2315 may be 
fabricated from any number of conventional commercially available materials such 
as, for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless 
steel or other similar high strength materials . In a preferred embodiment, the sealing 
sleeve 2315 is fabricated from stamless steel in order to optimally provide high 
strength, corrosion resistance, and low-friction surfaces. 

The sealing sleeve 2315 may be coupled to the innerstring adapter 2310 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connections, oilfield country tubular goods specialty threaded 
connections, or a standard threaded connection. In a preferred embodiment, the 
sealing sleeve 2315 is removably coupled to the innerstring adapter 2310 by a 
standard threaded connection. The seahng sleeve 2315 may be coupled to the 
hydraulic slip body 2320 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield countiy 
tubular goods specialty threaded connection, or a standard threaded connection. In 
a preferred embodiment, the sealing sleeve 2315 is removably coupled to the 
hydrauhc slip body 2320 by a standard threaded connection. 

The sealing sleeve 23 15 preferably includes a fluid passage 2390 that is adapted 
to convey fluidic materials from the fluid passage 2385 into the fluid passage 2395. 
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In a preferred embodiment, the fluid passage 2315 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling mud or lubricants at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The hydraulic slip body 2320 is coupled to the sealing sleeve 2315, the 
hydraulic slips 2325, and the inner sealing mandrel 2330. The hydraulic slip body 
2320 preferably comprises a substantially hollow tubular member or members. The 
hydraulic slip body 2320 may be fabricated from any nvunber of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
low alloy steel, carbon steel, stainless steel or other high strength material. In a 
preferred embodiment, the hydraulic slip body 2320 is fabricated from carbon steel 
in order to optimally provide high strength at low cost. 

The hydraulic slip body 2320 may be coupled to the sealing sleeve 2315 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield coxmtry tubular goods specialty threaded 
coimection, or a standard threaded connection. In a preferred embodiment, the 
hydraulic slip body 2320 is removably coupled to the sealing sleeve 2315 by a 
standard threaded cormection. The hydraulic slip body 2320 may be coupled to the 
slips 2325 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding or a standard threaded 
connection. In a preferred embodiment, the hydraulic slip body 2320 is removably 
coupled to the slips 2325 by a standard threaded connection. The hydraulic slip body 
2320 may be coupled to the inner sealing xnandrel 2330 using any number of 
conventional conmiercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty threaded connection, 
welding, amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2320 is removably coupled to the inner sealing 
mandrel 2330 by a standard threaded connection. 
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The hydraulic slips body 2320 preferably includes a fluid passage 2395 that is 
adapted to convey fluidic materials from the fluid passage 2390 into the fluid passage 
2405. In a preferred embodiment, the fluid passage 2395 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling mud or lubricants at 
5 operating pressures aiid flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The hydraulic sUps body 2320 preferably includes fluid passage 2400 that are 
adapted to convey fluidic materials from the fluid passage 2395 into the pressure 
chambers 2420 of the hydraulic slips 2325. In this manner, the sUps 2325 are 

10 activated upon the pressurization of the fluid passage 2395 into contact with the 
inside surface of the casing 2375. In a preferred embodiment, the fluid passages 2400 
are adapted to convey fluidic materials such as, for example, water, drilling mud or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

15 The sUps 2325 are coupled to the outside surface of the hydrauUc sUp body 

2320. During operation of the apparatus 2300, the sUps 2325 are activated upon the 
pressurization of the fluid passage 2395 into contact with the inside surface of the 
casing 2375. In this manner, the sUps 2325 maintain the casing 2375 in a 
substantially stationary position. 

20 The sUps 2325 preferably include the fluid passages 2400, the pressure 

chambers 2420, spring bias 2425, and sUp members 2430. The sUps 2325 may 
comprise any number of conventional commercially available hydrauUc slips such as, 
for example, RTTS packer tungsten carbide hydrauHc slips or Model 3L retrievable 
bridge plug with hydraulic sUps. In a preferred embodiment, the sUps 2325 comprise 

25 RTTS packer tungsten carbide hydi aulic slips available from HaUiburton Energy 
Services in order to optimally provide resistance to axial movement of the casing 2375 
during the radial expansion process. 

The inner sealing mandrel 2330 is coupled to the hydraulic slip body 2320 and 
the lower seaUng head 2340. The inner sealing mandrel 2330 preferably comprises 
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a substantially hollow tubular member or members. The inner sealing mandrel 2330 
may be fabricated from any nimiber of conventional commercially available materials 
such as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other similar high strength materials. In a preferred embodiment, 
5 the inner sealing mandrel 2330 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion resistance, and low friction surfaces. 

The inner sealing mandrel 2330 may be coupled to the hydraulic slip body 2320 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty threaded 

10 connection, welding, amorphous bonding, or a standard threaded connection. In a 
preferred embodiment, the inner sealing mandrel 2330 is removably coupled to the 
hydraulic slip body 2320 by a standard threaded connection. The inner sealing 
noandrel 2330 may be coupled to the lower sealing head 2340 using any number of 
conventional conmiercially available mechanical couplings such as, for example, 

15 drillpipe connection, oilfield country tubular goods specialty threaded connection, 
welding, amorphotis bonding, or a standard threaded connection. In a preferred 
embodiment, the inner sealing mandrel 2330 is removably coupled to the lower 
seahng head 2340 by a standard threaded connection. 

The inner sealing mandrel 2330 preferably includes a fluid passage 2405 that 

20 is adapted to convey fluidic materials from the fluid passage 2395 into the fluid 
passage 2415. In a preferred embodiment, the fluid passage 2405 is adapted to convey 
fluidic materials such as, for example, cement, epoxy, water, drilling mud, or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

25 • The upper sealing head 2335 is coupled to the outer sealing mandrel 2345 and 

expansion cone 2355, The upper sealing head 2335 is also movably coupled to the 
outer surface of the ixmer sealing mandrel 2330 and the inner surface of the casing 
2375. In this manner, the upper sealing head 2335 reciprocates in the axial direction. 
The radial clearance between the inner cylindrical surface of the upper sealing head 
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The expansion cone 2355 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surface may range, for example, from about 2 to 34 inches. In a 
preferred embodiment, the outside radius of the outside conical surface ranges from 
5 about 3 to 28 inches in order to optimally provide radial expansion of the typical 
casings. The axial length of the eiqpansion cone 2355 may range, for example, from 
about 2 to 8 times the largest outside diameter of the expansion cone 2355. In a 
preferred embodiment, the axial length of the expansion cone 2355 ranges from about 
3 to 5 times the largest outside diameter of the expansion cone 2355 in order to 

10 optimally provide stability and centralization of the expansion cone 2355 during the 
expansion process. In a preferred embodiment, the angle of attack of the expansion 
cone 2355 ranges from about 5 to 30 degrees in order to optimally frictional forces 
with radial expansion forces. The optimum angle of attack of the expansion cone 
2355 will vary as a function of the operating parameters of the particular expansion 

15 operation. 

The expansion cone 2355 may be fabricated from any nimiber of conventional 
commercially available materials such as, for example, machine tool steel, nitride 
steel, titanium, tungsten carbide, ceramics or other similar high strength materials. 
In a preferred embodiment, the expansion cone 2355 is fabricated from D2 machine 

20 tool steel in order to optimally provide high strength, abrasion resistance, and galling 
resistance. In a particularly preferred embodiment, the outside surface of the 
expansion cone 2355 has a surface hardness ranging frt>m about 58 to 62 Rockwell C 
in order to optimally provide high strength, abrasion resistance, resistance to galling. 
The expansion cone 2355 may be coupled to the outside sealing mandrel 2350 

25 using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. In a 
preferred embodiment, the e^ansion cone 2355 is coupled to the outside seaUng 
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mandrel 2350 using a standard threaded connection in order to optimally provide 
high strength and permit the expansion cone 2355 to be easily replaced. 

The mandrel launcher 2480 is coupled to the casing 2375. The mandrel 
launcher 2480 comprises a tubular section of casing having a reduced wall thickness 
compared to the casing 2375. In a preferred embodiment, the wall thickness of the 
mandrel iaxmcher 2480 is about 50 to 100 % of the wall thickness of the casing 2375. 
In this manner, the initiation of the radial expansion of the casing 2375 is facihtated, 
and the placement of the apparatus 2300 into a wellbore casing and wellbore is 
faciUtated. 

The mandrel launcher 2480 may be coupled to the casing 2375 using any 
number of conventional mechanical couplings. The mandrel launcher 2480 may have 
a waD thickness ranging, for example, from about 0.15 to 1.5 mches. In a preferred 
embodiment, the wall thickness of the mandrel launcher 2480 ranges from about 0.25 
to 0.75 mches in order to optimally provide high strength in a minimal profUe. The 
mandrel launcher 2480 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. In 
a preferred embodiment, the mandrel laimcher 2480 is fabricated from oilfield 
tubular goods having a higher strength than that of the casing 2375 but with a 
smaller wall thickness than the casing 2375 in order to optimally provide a thin 
walled container having approximately the same burst strength as that of the casing 
2375. 

The mechanical slip body 2460 is coupled to the load mandrel 2345, the 
mechanical slips 2365, and the drag blocks 2370. The mechanical sUp body 2460 
preferably comprises a tubular member having an inner passage 2485 fluidicly 
coupled to the passage 2415. In this manner, fluidic materials may be conveyed from 
the passage 2484 to a region outside of the apparatus 2300. 

The mechanical slip body 2360 may be coupled to the load mandrel 2345 using 
any number of conventional mechanical couplings. In a preferred embodiment, the 
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mechanical slip body 2360 is removably coupled to the load mandrel 2345 using 
threads and sliding steel retaining rings in order to optimally provide a high strength 
attachment. The mechanical slip body 2360 may be coupled to the mechanical slips 
2365 using any number of conventional mechanical couplings. In a preferred 
embodimenti the mechanical sUp body 2360 is removably coupled to the mechanical 
slips 2365 using threads and sUding steel retaining rings in order to optimally provide 
a high strength attachment. The mechanical sUp body 2360 may be coupled to the 
drag blocks 2370 using any number of conventional mechanical couplings. In a 
preferred embodiment, the mechanical sUp body 2360 is removably coupled to the 
drag blocks 23 65 using threads and sliding steel retaining rings in order to optimally 
provide a high strength attachment. 

The mechanical sUps 2365 are coupled to the outside surface of the mechanical 
slip body 2360. During operation of the apparatus 2300, the mechanical slips 2365 
prevent upward movement of the casing 2375 and mandrel launcher 2480. In this 
manner, during the axial reciprocation of the expansion cone 2355, the casing 2375 
and mandrel launcher 2480 are mamtained in a substantially stationary position. In 
this m an n er, the mandrel launcher 2480 and casing 2375 are expanded in the radial 
direction by the axial movement of the expansion cone 2355. 

The mechanical slips 2365 may comprise any number of conventional 
commercially available mechanical slips such as, for example, RTTS packer tungsten 
carbide mechanical slips, RTTS packer wicker type mechanical slips or Model 3L 
retrievable bridge plug tungsten carbide upper mechanical slips. In a preferred 
embodiment, the mechanical slips 2365 comprise RTTS packer tungsten carbide 
mechanical slips available from Halliburton Energy Services in order to optimally 
provide resistance to axial movement of the casing 2375 during the expansion 
process. 

The drag blocks 2370 are coupled to the outside surface of the mechanical slip 
body 2360. During operation of the apparatus 2300, the drag blocks 2370 prevent 
upward movement of the casing 2375 and mandrel launcher 2480. In this maimer, 
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dxiring the axial reciprocation of the expansion cone 2355, the casing 2375 and 
mandrel launcher 2480 are maintained in a substantially stationary position. In this 
manner, the mandrel launcher 2480 and casing 2375 are expanded in the radial 
direction by the axial movement of the expansion cone 2355. 
5 The drag blocks 2370 may comprise any number of conventional commercially 

available mechanical slips such as, for example, RTTS packer mechanical drag blocks 
or Model 3L retrievable bridge plug drag blocks. In a preferred embodiment, the drag 
blocks 2370 comprise RTTS packer mechanical drag blocks available from 
Halliburton Energy Services in order to optimally provide resistance to axial 

10 movement of the casing 2375 during the expansion process. 

The casing 2375 is coupled to the mandrel launcher 2480. The casing 2375 is 
further removably coupled to the mechanical slips 2365 and drag blocks 2370. The 
casing 2375 preferabty comprises a tubular member. The casing 2375 may be 
fabricated from any number of conventional conunercially available materials such 

15 as, for example, slotted tubulars, oil coimtiy tubxilar goods, carbon steel, low alloy 
steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the casing 2375 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel mills in order to optimally provide 
high strength. In a preferred embodiment, the upper end of the casing 2375 includes 

20 one or more sealing members positioned about the exterior of the casing 2375. 

During operation, the apparatus 2300 is positioned in a wellbore vdth the 
upper end of the casing 2375 positioned in an overlapping relationship within an 
easting wellbore casing. In order minimize surge pressures within the borehole 
during placement of the apparatus 2300, the fluid passage 2380 is preferably provided 

25 with one or more pressure relief passages. During the placement of the apparatus 
2300 in the wellbore, the casing 2375 is supported by the expansion cone 2355. 

After positioning of the apparatus 2300 within the bore hole in an overlapping 
relationship with an existing section of weUbore casing, a first fluidic material is 
pumped into the fluid passage 2380 from a surface location. The first fluidic material 
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is conveyed from the fluid passage 2380 to the fluid passages 2385, 2390, 2395, 2405, 
2415, and 2485. The first fluidic material will then exit the apparatus 2300 and fill 
the annular region between the outside of the apparatus 2300 and the interior walls 
of the bore hole. 

The first fluidic material may comprise any numbfer of conventional 
commercially available materials such as, for example, epoxy, drilling mud, slag mix, 
cement, or water. In a preferred embodiment, the first fluidic material comprises a 
hardenable fluidic sealing material such as, for example, slag mix, epoxy, or cement. 
In this manner, a wellbore casing having an outer annular layer of a hardenable 
material may be formed. 

The first fluidic material may be pimiped into the apparatus 2300 at operating 
pressures and flow rates ranging, for example, from about 0 to 4,500 psi, and 0 to 
3,000 gallons/minute. Inapreferred embodiment, the first fluidic material is pumped 
into the apparatus 2300 at operating pressures and flow rates ranging from about 0 
to 3,500 psi and 0 to 1,200 gallons/minute in order to optimally provide operational 
efiicienqy. 

At a predetermined point in the injection of the first fluidic material such as, 
for example, after the annular region outside of the apparatus 2300 has been filled 
to a predetermined level, a plug 2470, dart, or other similar device is introduced into 
the first fluidic material. The plug 2470 lodges in the throat passage 2465 thereby 
fluidicly isolating the fluid passage 2405 from the fluid passage 2415. 

After placement of the plug 2470 in the throat passage 2465, a second fluidic 
material is pumped into the fluid passa g e 2380 in order to pressurize the pressure 
chamber -2475. The second fluidic material may comprise any number of 
conventional commercially available materials such as, for example, water, .drilling 
gases, drilling mud or lubricants. In a preferred embodiment, the second fluidic 
material comprises a non-hardenable fluidic material such as, for example, water, 
drilling mud or lubricant 
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The second fluidic material may be pumped into the apparatus 2300 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. In a preferred embodiment, the second fluidic 
material is pumped into the apparatus 2300 at operating pressures and flow rates 
5 ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order to optimally 
provide operational efficiency. 

The pressurization of the pressure chamber 2475 causes the upper sealing head 
2335, outer sealing mandrel 2350, and expansion cone 2355 to move in an axial 
direction. The pressurization of the pressure chamber 2475 also causes the hydraiilic 

10 slips 2325 to expand in the radial direction and hold the casing 2375 in a substantially 
stationary position. Furthermore, as the expansion cone 2355 moves in the axial 
direction, the expansion cone 2355 pulls the mandrel launcher 2480 and drag blocks 
2370 along, which sets the mechanical slips 2365 and stops further axial movement 
of the mandrel launcher 2480 and casing 2375. In this manner, the axial movement 

15 of the expansion cone 2355 radially expands the mandrel launcher 2480 and casing 
2375. 

Once the upper sealing head 2335, outer sealing mandrel 2350, and expansion 
cone 2355 complete an axial stroke, the operating pressure of the second fluidic 
material is reduced. The reduction in the operating pressure of the second fluidic 

20 material releases the hydraulic slips 2325. The drill string 2305 is then raised. This 
causes the iimer sealmg mandrel 2330, lower sealing head 2340, load mandrel 2345, 
and mec h anica l slip body 2360 to move upward. This unsets the mechanical slips 
2365 and permits the mechanical slips 2365 and drag blocks 2370 to be moved within 
the mandrel launcher 2480 and casing 2375. When the lower sealing head 2340 

25 contacts the upper sealing head 2335, the second fluidic material is again pressurized 
and the radial expansion process continues. In this manner, the mandrel launcher 
2480 and casing 2375 are radial expanded through repeatedaxial strokes of the upper 
sealing head 2335, outer sealing mandrel 2350 and expansion cone 2355. Throughput 
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the radial expansion process, the upper end of the casing 2375 is preferably 
maintained in an overlapping relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 2375 is 
expanded into mtimate contact with the inside surface of the lower end of the existing 
5 wellbore casing. In a preferred embodiment, the sealing members provided at the 
upper end of the casing 2375 provide a fluidic seal between the outside surface of the 
upper end of the casing 2375 and the inside surface of the lower end of the existing 
wellbore casing. In a preferred embodiment, the contact pressure between the casing 
2375 and the existing section of wellbore casing ranges from about 400 to 10,000 psi 

10 in order to optimally provide contact pressure, activate the sealing members, and 
withstand typical tensile and compressive loading conditions. 

In a preferred embodiment, as the expansion cone 2355 nears the upper end 
of the casing 2375, the operating pressure of the second fluidic material is reduced in 
order to minimiz e shock to the apparatus 2300. In an alternative embodiment, the 

15 apparatus 2300 includes a shock absorber for absorbing the shock created by the 
completion of the radial expansion of the casing 2375. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2355 nears 
the end of the casing 2375 in order to optimally provide reduced axial movement and 

20 velocity of the expansion cone 2355. In a preferred embodiment, the operating 
pressure of the second fluidic material is reduced during the return stroke of the 
apparatus 2300 to the range of about 0 to 500 psi m order minimize the resistance to 
the movement of the expansion cone 2355 during the return stroke. In a preferred 
embodiment, the stroke length of the apparatus 2300 ranges from about 10 to 45 feet 

25 in order to optimally provide equipment that can be handled by typical oil well 
rigging equipment and minimize the frequency at which the expansion cone 2355 
must be stopped to permit the apparatus 2300 to be re-stroked. 

In an alternative embodiment, at least a portion of the upper sealing head 2335 
includes an expansion cone for radially expanding the mandrel launcher 2480 and 
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casing 2375 during operation of the apparatus 2300 in order to increase the surface 
area of the casing 2375 acted upon during the radial expansion process. In this 
manner, the operating pressures can be reduced. 

In an alternative embodiment, mechanical slips 2366 are positioned in an axial 
5 location between the sealing sleeve 2315 and the inner sealing mandrel 2330 in order 
to optimally the construction and operation of the apparatus 2300. 

Upon the complete radial expansion of the casing 2375, if applicable, the first 
fluidic material is permitted to cure within the annular region between the outside 
of the expanded casing 2375 and the interior walls of the wellbore. In the case where 

10 the casing 2375 is slotted, the cured fluidic material preferably permeates and 
envelops the expanded casing 2375. In this manner, a new section of wellbore casing 
is formed within a wellbore. Alternatively, the apparatus 2300 may be used to join 
a first section of pipeline to an existing section of pipeline. Alternatively, the 
apparatus 2300 may be used to directly line the interior of a wellbore with a casing, 

15 without the use of an outer annular layer of a hardenable material. Alternatively, the 
apparatus 2300 may be used to expand a tubular support member in a hole. 

During the radial expansion process, the pressurized areas of the apparatus 
2300 are limited to the fluid passages 2380, 2385, 2390, 2395, 2400, 2405, and 2410, 
and the pressvure chamber 2475. No fluid pressure acts directly on the mandrel 

20 laimcher 2480 and casing 2375. This permits the use of operating pressures higher 
than the mandrel launcher 2480 and casing 2375 could normally withstand. 

Referring now to Figure 18, a preferred embodiment of an apparatus 2500 for 
forming a mono-diameter wellbore casing will be described. The apparatus 2500 
preferably includes a drillpipe 2505, an innerstring adapter 2510, a sealing sleeve 

25 25 15, a hydraulic slip body 2520, hydraulic slips 2525, an inner sealing mandrel 2530, 
upper sealing head 2535, lower sealing head 2540, outer sealing mandrel 2545, load 
mandrel 2550, expansion cone 2555, casing 2560, and fluid passages 2565, 2570, 2575, 
2580, 2585, 2590, 2595, and 2600. 
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The drillpipe 2505 is coupled to the innerstring adapter 2510. During 
operation of the apparatus 2500, the drillpipe 2505 supports the apparatus 2500. The 
drillpipe 2505 preferably comprises a substantially hollow tubular member or 
members. The drillpipe 2505 may be fabricated from any number of conventional 
5 conmiercially available materials such as, for example, oilfield coimtry tubular goods, 
low alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the drillpipe 2505 is fabricated from coiled tubing in 
order to faciliate the placement of the apparatus 2500 in non-vertical wellbores. The 
drillpipe 2505 may be coupled to the innerstring adapter 2510 using any number of 

10 conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield countiy tubular goods specialty threaded connection, or 
a standard threaded connection. In a preferred embodiment, the drillpipe 2505 is 
removably coupled to the innerstring adapter 2510 by a drillpipe connection, a 
drillpipe connection provides the advantages of high strength and easy disassembly. 

15 The drillpipe 2505 preferably includes a fluid passage 2565 that is adapted to 

convey flviidic materials from a surface location into the fluid passage 2570. In a 
preferred embodiment, the fluid passage 2565 is adapted to convey fltudic materials 
such as, for example, cement, epoxy, water, drilling mud, or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 

20 gallons/minute. 

The innerstring adapter 2510 is coupled to the drill string 2505 and the sealing 
sleeve 2515. The innerstring adapter 2510 preferably comprises a substantially 
hollow tubular member or members. The innerstring adapter 2510 may be fabricated 
from any number of conventional commercially available materials such as, for 

25 example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel 
or other similar high strength materials. In a preferred embodiment, the innerstring 
adapter 2510 is fabricated from stainless steel in order to optimally provide hi^ 
strength, corrosion resistance, and low friction surfaces. 
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The iimerstring adapter 2510 may be coupled to the drill string 2505 using any 
number of conventional commercially available mechanical couplings such as, for 
example, drUlpipe connection, oilfield coimtry tubular goods specialty type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
5 innerstring adapter 2510 is removably coupled to the drill pipe 2505 by a drillpipe 
connection. The innerstring adapter 2510 may be coupled to the sealing sleeve 2515 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, ratchet-latch type threaded connection or a standard threaded 

10 connection. In a preferred embodiment, the innerstring adapter 2510 is removably 
coupled to the sealing sleeve 2515 by a standard threaded connection. 

The innerstring adapter 2510 preferably includes a fluid passage 2570 that is 
adapted to convey fluidic materials from the fluid passage 2565 into the fluid passage 
2575. In a preferred embodiment, the fluid passage 2570 is adapted to convey fluidic 

15 materials such as, for example, cement, epoxy, water, drilling mud or lubricants at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The sealing sleeve 2515 is coupled to the innerstring adapter 2510 and the 
hydrauhc slip body 2520. The sealing sleeve 2515 preferably comprises a 

20 substantially hollow tubular member or members. The sealing sleeve 2515 may be 
fabricated from any number of conventional conunercially available materials such 
as, for example, oilfield coimtry tubular goods, low alloy steel, carbon steel, stainless 
steel or other similar high strength n:iaterials. In a preferred embodiment, the sealing 
sleeve 2515 is fabricated from stainless steel in order to optimally provide high 

25 strength, corrosion resistance, and low-fnction surfaces. 

The sealing sleeve 2515 may be coupled to the iimerstring adapter 2510 using 
any niunber of conventional conmiercially available mechanical couplings such as, for 
example, drillpipe connections, oilfield coxintry tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection, or a standard threaded 
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connection. In a preferred embodiment, the sealing sleeve 25 15 is removably coupled 
to the innerstring adapter 2510 by a standard threaded connection. The sealing 
sleeve 2515 may be coupled to the hydrauHc slip body 2520 using any number of 
conventional commercially available mechanical couplings such as, for example, 
5 drillpipe connection, oilfield coimtry tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection, or a standard threaded 
connection. In a preferred embodiment, the sealing sleeve 2515 is removably coupled 
to the hydraulic slip body 2520 by a standard threaded connection. 

The seahng sleeve 25 15 preferably includes a fluid passage 2575 that is adapted 
10 to convey fluidic materials from the fluid passage 2570 into the fluid passage 2580. 
In a preferred embodiment, the fluid passage 2575 is adapted to convey fluidic 
materials such as, for example, cement, epo^, water, drilling mud or lubricants at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

15 The hydraulic slip body 2520 is coupled to the sealing sleeve 2515, the 

hydraulic slips 2525, and the inner sealing mandrel 2530. The hydraulic slip body 
2520 preferably comprises a substantially hoUow tubular member or members. The 
hydraulic slip body 2520 may be fabricated Gcom any number of conventional 
conunerciaUy available materials such as, for example, oilfield countiy tubular goods, 

20 low alloy steel, carbon steel, stainless steel or other sunilar high strength materials. 
In a preferred embodiment, the hydraulic slip body 2520 is fabricated from carbon 
steel in order to optimally provide high strength. 

The hydraulic slip body 2520 may be coupled to the sealing sleeve 2515 using 
any number of conventional commercially available mechanical couplings such as, for 

25 example, drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch t3^e threaded connection or a standard threaded 
connection. In a preferred embodiment, the hydraulic slip body 2520 is removably 
coupled to the sealing sleeve 2515 by a standard threaded connection. The hydraulic 
slip body 2520 may be coupled to the sUps 2525 using any number of conventional 
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commercially available mechanical couplings such as, for example, threaded 
connection or welding. In a preferred embodiment, the hydraulic slip body 2520 is 
removably coupled to the slips 2525 by a threaded connection. The hydraulic slip 
body 2520 may be coupled to the inner sealing mandrel 2530 using any number of 
5 conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield coxmtry tubular goods specialty type threaded 
connection, welding, amorphous bonding or a standard threaded connection. In a 
preferred embodiment, the hydraxilic slip body 2520 is removably coupled to the iimer 
sealing mandrel 2530 by a standard threaded connection. 

10 The hydraulic slips body 2520 preferably includes a fluid passage 2580 that is 

adapted to convey fluidic materials firom the fluid passage 2575 into the fluid passage 
2590. In a preferred embodiment, the fluid passage 2580 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling mud or lubricants at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 

15 gallons/minute. 

The hydrauhc slips body 2520 preferably includes fluid passages 2585 that are 
adapted to convey fluidic materials from the fluid passage 2580 into the pressure 
chambers of the hydraxilic slips 2525. In this manner, the slips 2625 are activated 
upon the pressurization of the fluid passage 2580 into contact with the inside surface 

20 of the casing 2560. In a preferred embodiment, the fluid passages 2585 are adapted 
to convey fluidic materials such as, for example, water, drilling mud or lubricants at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The slips 2525 are coupled to the outside surface of the hydraulic slip body 
25 2520. During operation of the apparatus 2500, the slips 2525 are activated upon the 
pressurization of the fluid passage 2580 into contact with the inside surface of the 
casing 2560. In this manner, the slips 2525 maintain the casing 2560 in a 
substantially stationary position. 
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The slips 2525 preferably include the fluid passages 2585, the pressure 
chambers 2605, spring bias 2610, and slip members 2615. The slips 2525 may 
comprise any number of conventional commercially available hydraulic shps such as, 
for example, RTTS packer tungsten carbide hydrauhc slips or Model 3L retrievable 
5 bridge plug with hydraulic sUps. In a preferred embodiment, the sUps 2525 comprise 
RTTS packer tungsten carbide hydraulic slips available firom Halliburton Energy 
Services in order to optimally provide resistance to axial movement of the casing 2560 
diuing the expansion process. 

The inner sealing mandrel 2530 is coupled to the hydrauhc sUp body 2520 and 
10 the lower sealing head 2540. The inner sealing mandrel 2530 preferably comprises 
asubstantiallyhollowtubularmemberormembers. The inner sealmg mandrel 2630 
maybe fabricatedftomany number of conventional commercially available materials 
such as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
stainless steel or other simUar high strength materials. In a preferred embodiment, 
15 the inner seahng mandrel 2530 is fabricated from stainless steel m order to optimally 
provide high strength, corrosion resistance, and low friction surfaces. 

The inner sealmg mandrel 2530 may be coupled to the hydraulic sUp body 2520 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded coimection, welding, amorphous bonding, or a standard threaded 
connection. In a preferred embodhnent, the inner sealing mandrel 2530 is removably 
coupled to the hydraulic slip body 2520 by a standard threaded connection. The 
inner sealing mandrel 2530 may be coupled to the lower sealing head 2540 using any 
number of conventional commercially available mechanical couplings such as, for 
25 example, oilfield country tubular goods specialty type threaded connection, driUpipe 
connection, welding, amorphous bonding, or a standard threaded connection. In a 
preferred embodiment, the inner seahng mandrel 2530 is removably coupled to the 
lower seahng head 2540 by a standard threaded connection. 



20 
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The inner sealing mandrel 2530 preferably includes a fluid passage 2590 that 
is adapted to convey fluidic materials from the fluid passage 2580 into the fluid 
passage 2600. In a preferred embodiment, the fluid passage 2590 is adapted to convey 
fluidic materials such as, for example, cement, epoxy, water, drilling mud or 

5 lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The upper sealing head 2535 is coupled to the outer sealing mandrel 2545 and 
expansion cone 2555. The upper sealing head 2535 is also movably coupled to the 
outer surface of the inner sealing mandrel 2530 and the mi\t>nr surface of the casing 

0 2560. IntWsmanner,theuppersealinghead2535reciprocatesintheaxialdirection. 
The radial clearance between the inner cylindrical surface of the upper sealing head 
2535 and the outer surface of the inner sealing mandrel 2530 may range, for example, 
from about 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance 
between the inner cylindrical surface of the upper sealing head 2535 and the outer 

5 surface of the inner sealing mandrel 2530 ranges from about 0.005 to 0.01 inches in 
order to optimally provide minimal radial clearance. The radial clearance between 
the outer cylindrical surface of the upper sealing head 2535 and the inner surface of 
the casing 2560 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer cylindrical surface of 

0 the upper sealing head 2535 and the inner surfece of the casuig 2560 ranges from 
about 0.025 to 0.125 inches in order to optimally provide stabilization for the 
expansion cone 2535 during the e3q)ansion process. 

The upper sealing head 2535 preferably comprises an annular member having 
substantially cylindrical inner and outer siufaces. The upper sealing head 2535 may 

5 be fabricated from any number of conventional conunercially available materials such 
as, for example, oilfield country tubular goods, ow alloy steel, carbon steel, stainless 
steel or other similar high strength materials. In a preferred embodiment, the upper 
sealing head 2535 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. The inner surface of the 
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upper sealing head 2535 preferably includes one or more annular sealing members 
2620 for sealing the interfece between the upper sealing head 2535 and the inner 
sealing mandrel 2530. The sealing members 2620 may comprise any number of 
conventional commercially available annular sealing members such as. for example, 
5 O-rings, polypak seals, or metal spring energized seals. In a preferred embodiment, 
the sealing members 2620 comprise polypak seals available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2535 includes a shoulder 
2625 for supporting the upper sealing head 2535, outer sealing mandrel 2545, and 
10 fflq)ansion cone 2555 on the lower sealing head 2540. 

The upper sealinghead 2535may be coupled to the outer seaUng mandrel 2546 
using any number of conventional commercially available mechanical couplmgs such 

as,forexample, oilfield countrytubulargoodsspeciallythreaded connection, pipeline 
connection, welding, amorphous bonding, or a standard threaded connection. In a 

15 preferred embodiment, the upper sealinghead 2535 is removably coupled to the outer 
seahng mandrel 2545 by a standard threaded connection. In a preferred 
embodiment, the mechanical coupUng between the upper sealing head 2535 and the 
outer sealing mandrel 2545 includes one or more sealing members 2630 for fluidicly 
sealing the mterface between the upper seahng head 2535 and the outer seahng 

20 mandrel 2545. The seahngmembers 2630 may comprise any number of conventional 
commercially available sealing members such as, for example, o-rings. polypak seals 
or metal spring energized seals. In a preferred embodiment, the sealing members 
2630 comprise polypak seals available from ParkerSealsinorder to optimally provide 
seaUng for a long axial stroke. 

25 The lower sealing head 2540 is coupled to the inner sealing mandrel 2530 and 

the load mandrel 2550. The lower sealing head 2540 is also movably coupled to the 
inner surface of the outer sealing mandrel 2545. In this manner, the upper sealing 
head 2535. outer seahng mandrel 2545, and expansion cone 2555 reciprocate in the 
axial direction. 
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The radial clearance between the outer surface of the lower sealing head 2540 
and the inner surface of the outer sealing mandrel 2545 may range, for example, from 
about 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance between 
the outer surface of the lower sealing head 2540 and the inner surface of the outer 
sealing mandrel 2545 ranges fix>m about 0.005 to 0.01 inches in order to optimally 
provide minimal radial clearance. 

The lower sealing head 2540 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The lower sealing head 2540 may 
be fabricated from any number of conventional commercially available materials such 
as, for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless 
steel or other similar high strength materials. In a preferred embodiment, the lower 
sealing head 2540 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. The outer surface of the 
lower sealing head 2540 preferably includes one or more annular sealing members 
2635 for sealing the interface between the lower sealing head 2540 and the outer 
sealing mandrel 2545. The sealing members 2635 may comprise any number of 
conventional commercially available annular sealing members such as, for example, 
o-rings, polypak seals, or metal spring energized seals. In a preferred embodiment, 
the sealing members 2635 comprise polypak seals available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 may be coupled to the inner sealing mandrel 2530 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connections, oilfield coxmtry tubular goods specialty 
threaded connection, or a standard threaded connection. In a preferred embodiment, 
the lower sealing head 2540 is removably coupled to the inner sealing mandrel 2530 
by a standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the lower sealing head 2540 and the inner sealing mandrel 2530 
includes one or more sealing members 2640 for fluidicly sealing the interface between 
the lower sealing head 2540 and the inner sealing mandrel 2530. The sealing 
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members 2640 may comprise any nimiber of conventional commercially available 
sealing members such as, for example, o-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the sealing members 2640 comprise 
polypak seals available from Parker Seals in order to optimally provide sealing for a 
5 long axial stroke. 

The lower sealing head 2540 may be coupled to the load mandrel 2550 using 
any number of conventional commercially available mechanical couplings such as, for 
example, driUpipe connection, oilfield country tubular goods specialty type threaded 
connection, welding, amorphous bonding or a standard threaded connection. In a 

10 preferred embodiment, the lower sealing head 2540 is removably coupled to the load 
mandrel 2550 by a standard threaded connection. In a preferred embodiment, the 
mechanical coupling between the lower sealing head 2540 and the load mandrel 2550 
includes one or more sealing members 2645 for fluidicly sealing the interface between 
the lower sealing head 2540 and the load mandrel 2550. The sealing members 2645 

15 may comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 2645 comprise polypak seals available 
from Parker Seals in order to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the lower sealing head 2540 includes a throat 

20 passage 2650 fluidicly coupled between the fluid passages 2590 and 2600. The throat 
passage 2650 is preferably of reduced size and is adapted to receive and engage with 
a plug 2655, or other similar device. In this manner, the fluid passage 2590 is 
fluidicly isolated from the fluid passage 2600, In this manner, the pressure chamber 
2660 is pressurized. 

25 The outer sealing mandrel 2545 is coupled to the upper sealing head 2535 and 

the expansion cone 2555. The outer sealing mandrel 2545 is also movably coupled to 
the inner surface of the casing 2560 and the outer surface of the lower sealing head 
2540. In this manner, the upper sealing head 2536, outer sealing mandrel 2545, and 
the exi>ansion cone 2555 reciprocate in the axial direction. The radial clearance 
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between the outer surface of the outer sealing mandrel 2545 and the inner surface 
of the casing 2560 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer surface of the outer 
sealing mandrel 2545 and the inner surface of the casing 2560 ranges from about 
0.025 to 0.125 inches in order to optimally provide stabilization for the expansion 
cone 2535 during the expansion process. The radial clearance between the inner 
surfiace of the outer sealing mandrel 2545 and the outer surface of the lower sealing 
head 2540 may range, for example, from about 0.005 to 0.01 inches. In a preferred 
embodiment, the radial clearance between the inner surface of the outer sealing 
mandrel 2545 and the outer surface of the lower sealing head 2540 ranges from about 
0.006 to 0.01 inches in order to optimally provide minimal radial clearance. 

The outer sealing mandrel 2546 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The outer sealing mandrel 
2545 may be fabricated from any nxunber of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the outer sealing mandrel 2545 is fabricated from stainless steel in 
order to optimally provide high strength, corrosion resistance, and low friction 
surfaces. 

The outer sealingmandrel2545 may be coupled to theuppersealinghead 2535 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, welding, amorphous bonding, or a standard threaded 
connection. In a preferred embodiment, the outer sealingmandrel 2545 is removably 
coupled to the upper seaUng head 2535 by a standard threaded connection. The outer 
sealing mandrel 2545 may be coupled to the expansion cone 2555 using any number 
of conventional commerdaUy available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specially type threaded 
connection, welding, amorphous bonding, or a standard threaded connection. In a 
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preferred embodiment, the outer sealing mandrel 2545 is removably coupled to the 
expansion cone 2555 by a standard threaded connection. 

The upper sealing head 2535, the lower sealing head 2540, the inner sealing 
mandrel 2530, and the outer sealing mandrel 2545 together define a pressure 
5 chamber 2660. The pressure chamber 2660 is fluidicly coupled to the passage 2590 
via one or more passages 2595. During operation of the apparatus 2500, the plug 
2655 engages with the throat passage 2650 to fluidicly isolate the fluid passage 2590 
from the fluid passage 2600. The pressure chamber 2660 is then pressurized which 
in turn causes the upper sealing head 2535, outer sealing mandrel 2545, and 

10 expansion cone 2555 to reciprocate in the axial direction. The axial motion of the 
expansion cone 2555 in turn expands the casing 2560 in the radial direction. 

•The load mandrel 2550 is coupled to the lower sealing head 2540. The load 
mandrel 2550 preferably comprises an annular member having substantially 
cylindrical inner and outer surfaces. The load mandrel 2550 may be fabricated from 

15 any number of conventional commercially available materials such as, for example, 
oilfield coimtry tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the load mandrel 2550 
is fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

20 The load mandrel 2550 may be coupled to the lower sealing head 2540 using 

any number of conventional conunerdally available mechanical couplings such as, for 
example, oilfield country tubular goods, drillpipe connection, welding, amorphous 
bonding, or a standard threaded connection. In a preferred embodiment, the load 
mandrel 2550 is removably coupled to the lower sealing head 2540 by a standard 

25 threaded connection. 

The load mandrel 2550 preferably includes a fluid passage 2600 that is adapted 
to convey fluidic materials from the fluid passage 2590 to the region outside of the 
apparatus 2500. In a preferred embodiment, the fluid passage 2600 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling mud, or 
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lubricants at operating pressures and flow rates ranging, for example, from about 0 
to 9,000 psi and 0 to 3,000 gallons/minute. 

The expansion cone 2555 is coupled to the outer sealing mandrel 2545. The 
expansion cone 2555 is also movably coupled to the inner surface of the casing 2560. 
5 In this manner, the upper sealing head 2535, outer sealing mandrel 2545, and the 
expansion cone 2555 reciprocate in the axial direction. The reciprocation of the 
expansion cone 2555 causes the casing 2560 to expand in the radial direction. 

The expansion cone 2555 preferably comprises an annular member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of the 

10 outside conical surface may range, for example, from about 2 to 34 inches. In a 
preferred embodiment, the outside radius of the outside conical surface ranges from 
about 3 to 28 in order to optunaUy provide radial expansion for the widest variety of 
tubular casings. The axial length of the expansion cone 2555 may range, for example, 
from about 2 to 8 times the largest outside diameter of the expansion cone 2535. In 

15 a preferred embodiment, the axial length of the expansion cone 2535 ranges from 
about 3 to 5 times the largest outside diameter of the expansion cone 2535 in order 
to optimally provide stabilization and centralization of the expansion cone 2535 
during the expansion process. In a particularly preferred embodiment, the Tnn-ritmiTn 
outside diameter of the expansion cone 2555 is between about 95 to 99 % of the inside 

20 diameter of the existing wellbore that the casing 2560 will be joined with. In a 
preferred embodiment, the angle of attack of the expansion cone 2555 ranges from 
about 5 to 30 degrees in order to optinMdly balance frictional forces and radial 
expansion forces. The optimum angle of attack of the expansion cone 2535 will vaiy 
as a function of the particular operational features of the expansion operation. 

25 The. expansion cone 2555 may be fabricated from any number of conventional 

commercially available materials such as, for example, machine tool steel, nitride 
steel, titanium, tungsten carbide, ceramics or other similar high strength materials. 
In a preferred embodiment, the expansion cone 2555 is fabricated from D2 machine 
tool steel in order to optimally provide high strength, and resistance to wear and 
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galling. In a particularly preferred embodiment, the outside surface of the expansion 
cone 2555 has a surface hardness ranging from about 58 to 62 Rockwell C in order 
to optimally provide high strength and wear resistance. 

The expansion cone 2555 may be coupled to the outside sealing mandrel 2545 
5 using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding or a standard threaded connection. In a 
preferred embodiment, the expansion cone 2555 is coupled to the outside sealing 
mandrel 2545 using a standard threaded connection in order to optimally provide 

10 high strength and ea$y replacement of the expansion cone 2555. 

The casing 2560 is removably coupled to the slips 2525 and expansion cone 
2555. The casing 2560 preferably comprises a tubular member. The casing 2560 may 
be fabricated from any niunber of conventional conunerdally available materials such 
as, for example, slotted tubulars, oilfield country tubular goods, low alloy steel, 

15 carbon steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the casing 2560 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel mills in order to optimally provide 
high strength using standardized materials. 

In a preferred embodiment, the upper end 2665 of the casing 2560 includes a 

20 thin wall section 2670 and an outer annular sealing member 2675. In a preferred 
embodiment, the wall thickness of the thin wall section 2670 is about 50 to 100 % of 
the regular wall thickness of the casing 2560. In this manner, the upper end 2665 of 
the casing 2560 may be easily radially expanded and deformed into intimate contact 
with the lower end of an existing section of wellbore casing. In a preferred 

25 embodiment, the lower end of the existing section of casing also includes a thin wall 
section. In this manner, the radial expansion of the thin walled section 2670 of 
casing 2560 into the thin waUed section of the existing wellbore casing results in a 
wellbore casing having a substantially constant inside diameter. 
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The annular sealing member 2675 may be fabricated from any nmnber of 
conventional commercially available sealing materials such as, for example, epoxy, 
rubber, metal, or plastic. In a preferred embodiment, the anniilar sealing member 
2675 is fabricated from StrataLock epoxy in order to optimally provide 
5 compressibility and resistance to wear. The outside diameter of the annular sealing 
member 2675 preferably ranges from about 70 to 95 % of the inside diameter of the 
lower section of the wellbore casing that the casing 2560 is joined to. In this manner, 
after radial expansion, the anntdar sealingmember 2670 optimally provides a fluidic 
seal and also preferably optimally provides sufficient frictional force with the inside 

10 surface of the existing section of wellbore casing during the radial expansion of the 
casing 2560 to support the casing 2560. 

In a preferred embodiment, the lower end 2680 of the easing 2560 includes a 
thin wall section 2685 and an outer annular sealing member 2690. In a preferred 
embodiment, the wall thickness of the thin wall section 2685 is about 50 to 100 % of 

15 the regular wall thickness of the casing 2560. In this manner, the lower end 2680 of 
the casing 2560 may be easily expanded and deformed. Furthermore, in this manner, 
an other section of casing may be easily joined with the lower end 2680 of the casing 
2560 using a radial expansion process. In a preferred embodiment, the upper end of 
the other section of casing also includes a thin wall section. In this manner, the 

20 radial expansion of the thin walled section of the upper end of the other casing into 
the thin walled section 2685 of the lower end 2680 of the casing 2560 results m a 
wellbore casing having a substantially constant inside diameter. 

The annular sealing member 2690 may be fabricated from any number of 
conventional commercially available sealing materials such as, for example, rubber, 

25 metal, plastic or epoxy. In a preferred embodiment, the ann^ilar sealing member 
2690 is fabricated from StrataLock epoxy in order to optimally provide 
compressibility and resistance to wear. The outside diameter of the annular sealing 
member 2690 preferably ranges from about 70 to 95 % of the inside diameter of the 
lower section of the existing wellbore casing that the casing 2560 is joined to. In this 
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manner, after radial expansion, the annular sealing member 2690 preferably provides 
a fluidic seal and also preferably provides sufficient frictional force with the inside 
wall of the wellbore during the radial expansion of the casing 2560 to support the 
casing 2560. 

During operation, the apparatus 2500 is preferably positioned in a wellbore 
with the upper end 2665 of the casing 2560 positioned in an overlapping relationship 
with the lower end of an existing wellbore casing. . In a particularly preferred 
embodiment, the thin wall section 2670 of the casing 2560 is positioned in opposing 
overlapping relation with the thin wall section and outer annular sealmg member of 
the lower end of the existing section of wellbore casing. In this manner, the radial 
expansion of the casing 2560 will compress the thin wall sections and annular 
compressible members of the upper end 2665 of the casing 2560 and the lower end of 
the existing wellbore casing into intimate contact. During the positioning of the 
apparatus 2500 in the wellbore, the casing 2560 is supported by the expansion cone 
2555. 

After positioning of the apparatus 2500, a first fluidic material is then pumped 
into the fluid passage 2565. The first fluidic material may comprise any number of 
conventional conunerdally available materials such as, for example, cement, water, 
slag-mix, epoxy or drilling mud. In a preferred embodiment, the first fluidic material 
comprises a hardenable fluidic sealing material such as, for example, cement, epoxy, 
or slag-mix in order to optimally provide a hardenable outer aT^milar body around the 
expanded casing 2560. 

The first fluidic material may be pumped into the fluid passage 2565 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidic material 
is pumped into the fluid passage 2565 at operating pressures and flow rates ranging 
from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order to optimally provide 
operational efficiency. 



-162- 



Attorney Docket No. 25791.17 



The first fluidic material pumped into the flmd passage 2565 passes through 
the fluid passages 2570, 2575, 2580, 2590, 2600 and then outside of the apparatus 
2500. The first fluidic material then preferably fills the flnmQ^r region between the 
outside of the apparatus 2500 and the interior walls of the wellbore. 
5 The plug 2655 is then introduced into the fluid passage 2565. The plug 2655 

lodges in the throat passage 2650 and fluidicly isolates and blocks off the flmd 
passage 2590. In a preferred embodiment, a couple of volxunes of a non-hardenable 
fluidic material are then pumped into the fluid passage 2565 in order to remove any 
hardenable fluidic material contained within and to ensure that none of the fluid 
10 passages are blocked. 

A second fluidic material is then pmnped into the fluid passage 2565. The 
second fluidic material may comprise any number of conventional commercially 
available materials such as, for example, water, drilling gases, drilling mud or 
lubricant. In a preferred embodiment, the second fluidic material comprises a non- 
15 hardenable fluidic material such as, for example, water, drilling mud, or lubricant in 
order to optimally provide pressurization of the pressure chamber 2660 and minimize 
friction. 

The second fluidic material may be pumped into the fluid passage 2565 at 
operating pressures and flow rates ranging, for example, firom about 0 to 4,500 psi 

20 and 0 to 4,500 gallons/minute. In a preferred embodiment, the second fluidic 
material is pimiped into the fluid passage 2565 at operating pressures and flow rates 
ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order to optimally 
provide operational efficiency. 

The second fluidic material pimiped into the fluid passage 2565 passes through 

25 the fluid passages 2570, 2575, 2580, 2590 and into the pressure chambers 2605 of the 
slips 2525, and into the pressure chamber 2660. Continued piunping of the second 
fluidic material pressurizes the pressure chambers 2605 and 2660. 
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The pressurization of the pressure chambers 2605 causes the slip members 
2525 to expand in the radial direction and grip the interior surface of the casing 2560. 
The casing 2560 is then preferably maintained in a substantially stationary position. 
The pressurization of the pressure chamber 2660 causes the upper sealing head 
5 2535, outer sealing mandrel 2545 and expansion cone 2555 to move in an axial 
direction relative to the casing 2560. In this manner, the expansion cone 2555 will 
cause the casing 2560 to expand in the radial direction, beginning with the lower end 
2685 of the casing 2560. 

During the radial expansion process, the casing 2560 is prevented from moving 

10 in an upward direction by the slips 2525. A length of the casing 2560 is then 
expanded in the radial direction throng the pressurization of the pressure chamber 
2660. The length of the casing 2560 that is e^qpanded diu'ing the expansion process 
will be proportional to the stroke length of the upper sealing head 2535, outer sealing 
mandrel 2545, and expansion cone 2555. 

15 Upon the completion of a stroke, the operating pressure of the second fluidic 

material is reduced and the upper sealing head 2535, outer sealing mandrel 2545, and 
expansion cone 2555 drop to their rest positions with the casing 2560 supported by 
the expansion cone 2555. The position of the drillpipe 2505 is preferably adjusted 
throughout the radial expansion process in order to Tnaintflin the overlapping 

20 relationship between the thin walled sections of the lower end of the existing wellbore 
casing and the upper end of the casing 2560. In a preferred embodiment, the stroking 
of the expansion cone 2555 is then repeated, as necessary, until the thin walled 
section 2670 of the upper end 2665 of the casing 2560 is expanded into the thin walled 
section of the lower end of the existing wellbore casing. In this manner, a wellbore 

25 casing is formed including two adjacent sections of casing having a substantially 
constant inside diameter. This process may then be repeated for the entirety of the 
wellbore to provide a wellbore casing thousands of feet in length having a 
substantially constant inside diameter. 
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In a preferred embodiment, during the final stroke of the expansion cone 2555, 
the slips 2525 are positioned as dose as possible to the thin walled section 2670 of the 
upper end 2665 of the casing 2560 in order minimize slippage between the casing 
2560 and the existing wellbore casing at the end of the radial expansion process. 
5 Alternatively, or in addition, the outside diameter of the annular sealing member 
2675 is selected to ensure sufficient interference fit with the inside diameter of the 
lower end of the existing casing to prevent axial displacement of the casing 2560 
during the final stroke. Alternatively, or in addition, the outside diameter of the 
annular sealing member 2690 is selected to provide an interference fit with the inside 
10 waUs of the weUbore at an earUer point m the radial expansion process so as to 
prevent further axial displacement of the casing 2560. In this final alternative, the 
interference fit is preferably selected to permit expansion of the casing 2560 by 
pullingthe expansion cone 2555 outof the weUbore, without having to pressurize the 
pressure chamber 2660. 

15 During the radial expansion process, the pressurized areas of the apparatus 

2500 are preferably limited to the fluid passages 2565, 2570. 2575, 2580, and 2590, 
the pressure chambers 2605 within the sUps 2525, and the pressure chamber 2660. 
No fluid pressure acts directly on the casing 2560. This permits the use of operating 
pressures higher than the casing 2560 could normally withstand. 

20 Once the casing 2560 has been completely expanded off of the expansion cone 

2555, the remaining portions of the apparatus 2500 are removed from the wellbore. 
In a preferred embodiment, the contact pressure between the deformed thin waU 
sections and compressible annular members of the lower end of the existing casing 
and the upper end 2665 of the casing 2560 ranges from about 400 to 10,000 psi in 

25 order to optimally support the casing 2560 using the existing weUbore casing. 

In this manner, the casing 2560 is radially expanded into contact with an 
existing section of casing by pressurizing the interior fluid passages 2565, 2570, 2575, 
2580, and 2590, the pressure chambers of the slips 2605 and the pressure chamber 
2660 of the apparatus 2500. 
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In a preferred embodiment, as required, the annular body of hardenable fluidic 
material is then allowed to cure to form a rigid outer annular body about the 
expanded casing 2560. In the case where the casing 2560 is slotted, the cured fluidic 
material preferably permeates and envelops the expanded casing 2560. The resulting 
5 new section of wellbore casing includes the expanded casing 2560 and the rigid outer 
annularbody. The overlappingjoint between the pre-existing wellbore casing and the 
expanded casing 2560 includes the deformed thin wall sections and the compressible 
outer annular bodies. The inner diameter of the resulting combined wellbore casings 
is substantially constant. In this manner, a mono-diameter wellbore casing is 
10 formed. This process of expanding overlapping tubular members having thin wall 
end portions with compressible aimular bodies into contact can be repeated for the 
entire length of a wellbore. In this manner, a mono-diameter wellbore casing can be 
provided for thousands of feet in a subterranean formation. 

In a preferred embodiment, as the expansion cone 2555 nears the upper end 
15 2665 of the casing 2560, the operating pressure of the second fluidic material is 
reduced in order to minimize shock to the apparatus 2500. In an alternative 
embodiment, the apparatus 2500 includes a shock absorber for absorbing the shock 
created by the completion of the radial expansion of the casing 2560. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2555 nears 
the end of the casing 2560 in order to optimally provide reduced axial movement and 
velocity of the expansion cone 2555. In a preferred embodiment, the operating 
pressure of the second fluidic material is reduced during the return stroke of the 
apparatus 2500 to the range of about 0 to 500 psi in order minimize the resistance to 
25 the movement of the expansion cone 2555 during the return stroke. In a preferred 
embodiment, the stroke length of the apparatus 2500 ranges from about 10 to 45 feet 
in order to optimally provide equipments lengths that can be easily handled using 
typical oil well rigging equipment and also minimize the frequency at which 
apparatus 2500 must be re-stroked.. 



20 
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In an alternative embodiment, at least a portion of the upper sealing head 2535 
includes an expansion cone for radially expanding the casing 2560 during operation 
of the apparatus 2500 in order to increase the surface area of the casing 2560 acted 
upon during the radial expansion process. In this manner, the operating pressures 
5 can be reduced. 

Alternatively, the apparatus 2500 may be used to join a first section of pipeline 
to an existing section of pipeline. Alternatively, the apparatus 2500 may be used to 
directly line the interior of a wellbore with a casing, vnthout the use of an outer 
axmular layer of a hardenable material. Alternatively, the apparatus 2500 may be 

10 used to expand a tubular support member in a hole. 

Referring now to Figures 19, 19a and 19b, another embodiment of an 
apparatus 2700 for expanding a tubular member will be described. The apparatus 
2700 preferably includes a drillpipe 2705, an innerstring adapter 2710, a sealing 
sleeve 2715, a first inner seahng mandrel 2720, a first upper sealing head 2725, a first 

15 lower sealing head 2730, a first outer sealing mandrel 2735, a second inner sealing 
mandrel 2740, a second upper sealing head 2745, a second lower sealing head 2750, 
a second outer sealing mandrel 2755, a load mandrel 2760, an expansion cone 2765, 
a mandrel launcher 2770, a mechanical sUp body 2775, mechanical sUps 2780, drag 
blocks 2785, casing 2790, and fluid passages 2795, 2800, 2805, 2810, 2815, 2820, 2825, 

20 and 2830. 

The drillpipe 2705 is coupled to the innerstring adapter 2710. During 
operation of the apparatus 2700, the drillpipe 2705 supports the apparatus 2700. The 
drillpipe 2705 preferably comprises a substantially hollow tubular member or 
membera. The driUpipe 2705 may be fabricated from any number of conventional 
25 commercially available materials such as, for example, oilfield country tubular goods, 
low alloy steel, carbon steel, stainless steel, or other similar high strength materials. 
In a preferred embodiment, the drillpipe 2705 is fabricated fi^m coiled tubing in 
order to faciUtate the placement of the apparatus 2700 in non-vertical wellbores. The 
drillpipe 2705 may be coupled to the innerstring adapter 2710 using any niunber of 
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conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubxxlar goods specialty threaded connection, or 
a standard threaded connection. In a preferred embodiment, the drillpipe 2705 is 
removably coupled to the innerstring adapter 2710 by a drillpipe connection in order 
5 to optimally provide high strength and easy disassembly. 

The drillpipe 2705 preferably includes a fluid passage 2795 that is adapted to 
convey fluidic materials firom a surface location into the fluid passage 2800. In a 
preferred embodiment, the fluid passage 2795 is adapted to convey fluidic materials 
such as, for example, cement, epo^, water, drilling mud or lubricants at operating 
10 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The innerstring adapter 2710 is coupled to the drill string 2705 and the sealing 
sleeve 2715. The innerstring adapter 2710 preferably comprises a substantially 
hollow tubular member or members. The innerstring adapter 2710 may be fabricated 

15 from any number of conventional commercially available materials such as, for 
example, oilfield country tubular goods, low alloy steel, carbon steel, stainless steel 
or other similar high strength materials. In a preferred embodiment, the innerstring 
adapter 2710 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low fidction surfaces. 

20 The innerstring adapter 2710 may be coupled to the drill string2705 using any 

number of conventional conunerdally available mechanical couplings such as, for 
example, drillpipe connection, oilfield coimtry tub\ilar goods specialty threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
innerstring adapter 2710 is removably coupled to the drill pipe 2705 by a standard 

25 threaded connection in order to optimaDy provide high strength and easy 
disassembly. The innerstring adapter 2710 may be coupled to the sealing sleeve 2715 
using any number of conventional conmiercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield coimtry tubular goods specialty type 
threaded connection, ratchet-latch type threaded connection or a standard threaded 
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connection. In a preferred embodiment, the innerstring adapter 2710 is removably 
coupled to the sealing sleeve 2715 by a standard threaded connection. 

The innerstring adapter 2710 preferably includes a fluid passage 2800 that is 
adapted to convey fluidic materials from the fluid passage 2795 into the fluid passage 
5 2805. In a preferred embodiment, the fluid passage 2800 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling mud or lubricants at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The sealing sleeve 2715 is coupled to the innerstring adapter 2710 and the first 

10 inner sealing mandrel 2720, The sealing sleeve 2715 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 2715 may be 
fabricated from any number of conventional conunercially available materials such 
as, for example, oilfield coimtry tubular goods, low alloy steel, carbon steel, stainless 
steel or other similar high strength materials. In a preferred embodiment, the sealing 

15 sleeve 2715 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. 

The sealing sleeve 2715 may be coupled to the innerstring adapter 2710 using 
any number of conventional commercially available mechanical couplings such as, for 
example, drillpipe cozmection, oilfield country tubular goods specialty type threaded 

20 connection, welding, amorphous bonding, or a standard threaded connection. In a 
preferred embodiment, the sealing sleeve 2715 is removably coupled to the 
innerstring adapter 2710 by a standard threaded connector. The sealing sleeve 2715 
may be coupled to the first inner sealing mandrel 2720 using any niunber of 
conventional conmiercially available mechanical couplings such as, for example, 

25 drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, welding, amorphous bonding or a standard threaded connection. In a 
preferred embodiment, the sealing sleeve 2715 is removably coupled to the inner 
sealing mandrel 2720 by a standard threaded connection. 
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The sealingsleeve2715 preferably includesafluid passage 2802 that is adapted 
to convey Hxiidic materials from the fluid passage 2800 into the fluid passage 2805. 
In a preferred embodiment, the fluid passage 2802 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling mud or lubricants at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The first inner sealing mandrel 2720 is coupled to the sealing sleeve 2715 and 
the first lower sealing head 2730. The first inner sealing mandrel 2720 preferably 
comprises a substantially hollow tubular member or members. The first inner 
sealing mandrel 2720 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular goods, 
low alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the first inner sealing mandrel 2720 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, and 
15 low friction surfaces. 

The first inner sealing mandrel 2720 may be coupled to the sealing sleeve 27 15 
using any nmnber of conventional commercially available mechanical couplings such 
as, for example, drillpipecoimectionoilfieldcoimtiy tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. In a 
20 preferred embodiment, the fu^t inner sealing mandrel 2720 is removably coupled to 
the sealing sleeve 2715 by a standard threaded connection. The first inner sealing 
mandrel 2720 may be coupled to the first lower sealing head 2730 using any number 
of conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield covmtry tubular goods specialty type threaded 
25 connection, welding, amorphous bonding, or a standard threaded connection. In a 
preferred embodiment, the first inner sealing mandrel 2720 is removably coupled to 
the fu-st lower sealing head 2730 by a standard threaded connection. 

The first inner sealing mandrel 2720 preferably mcludes a fluid passage 2805 
that is adapted to convey fluidic materials firom the fluid passage 2802 into the fluid 
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passage 2810. In a preferred embodiment, the fluid passage 2805 is adapted to convey 
fluidic materials such as, for example, cement, epoxy, water, drilling mud or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 
5 The first upper sealing head 2725 is coupled to the first outer sealing mandrel 

2735, the second upper sealing head 2745, the second outer sealing mandrel 2755, and 
the expansion cone 2765. The first upper sealing head 2725 is also movably coupled 
to the outer surface of the first iimer sealing mandrel 2720 and the mner surface of 
the casing 2790. In this manner, the first upper sealing head 2725 reciprocates in the 

10 axial direction. The radial clearance between the inner cylindrical surface of the first 
upper sealing head 2725 and the outer surface of the first inner sealing mandrel 2720 
may range, for example, from about 0.0025 to 0.05 inches. In a preferred - 
embodiment, the radial clearance between the inner cylindrical surface of the first 
upper sealing head 2725 and the outer surface of the first inner sealing mandrel 2720 

15 ranges from about 0.005 to 0. 125 inches in order to optimally provide mmimal radial 
clearance. The radial clearance between the outer cylindrical surface of the first 
upper sealing head 2725 and the inner surface of the casing 2790 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the radial 
clearance between the outer cylindrical surface of the first upper sealing head 2725 

20 and the inner surface of the casing 2790 ranges from about 0.025 to 0.125 inches in 
order to optimally provide stabilization for the expansion cone 2765 during the 
expansion process. 

The first upper sealing head 2725 preferably comprises an annular member 
having ;Substantially cylindrical inner and outer, surfaces. The first upper sealing 
25 head 2725 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield coimtry tubular goods, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the first upper sealing head 2725 is fabricated from staioless steel in 
order to optimally provide high strength, corrosion resistance and low friction 
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surfaces. The inner surface of the first upper sealing head 2725 preferably includes 
one or more annular sealing members 2835 for sealing the interface between the first 
upper sealing head 2725 and the first inner sealing mandrel 2720. The sealing 
members 2835 may comprise any number of conventional commercially available 
5 annular sealing members such as, for example, o-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the sealing members 2835 comprise 
polypak seals available from Parker Seals in order to optimally provide sealing for 
long axial strokes. 

In a prrferred embodiment, the first upper sealing head 2725 includes a 
10 shoulder 2840 for supporting the first upper sealing head 2725 on the first lower 
sealing head 2730. 

The first upper sealing head 2725 may be coupled to the first outer sealing 
mandrel 2735 usmgany niunber of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
15 specialty threaded connection, welding, amorphous bonding or a standard threaded 
connection. In a preferred embodnnent, the first upper sealing head 2725 is 
removably coupled to the first outer sealing mandrel 2735 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the first 
upper seahng head 2725 and the first outer sealing mandrel 2736 includes one or 
more sealing members 2845 for fluididy sealing the intrarface between the first ui^r 
sealing head 2725 and the first outer sealing mandrel 2735. The sealing mraibers 
2845 may comprise any nmnber of conventional commercially available sealing 
members such as, for example, o-rings, polypak seals or metal spring enei^zed seals. 
In a preferred embodiment, the sealing members 2845 comprise polypak seals 
25 available from Parker Seals in order to optimally provide sealing for long axial 
strokes. 

The first lower sealing head 2730 is coupled to the first inner sealing mandrel 
2720 and the second inner sealing mandrel 2740. The Gist lower sealing head 2730 
is also movably coupled to the inner surface of ttie first outer sealing mandrel 2735. 



20 
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In this manner, the first upper sealing head 2725 and first outer sealing mandrel 
2735 reciprocate in the axial direction. The radial clearance between the outer 
surface of the first lower sealing head 2730 and the inner siirface of the first outer 
sealing mandrel 2735 may range, for example, firom about 0.0025 to 0.05 inches. In 
5 a preferred embodiment, the radial clearance between the outer surface of the first 
lower sealing head 2730 and the inner surface of the first outer sealing mandrel 2735 
ranges firom about 0.005 to 0.01 inches in order to optimal^ provide mmiir^^^] radial 
clearance. 

The first lower sealing head 2730 preferably comprises an ann^ilar member 
10 having substantially cylindrical mner and outer surfaces. The first lower sealing 
head 2730 may be fabricated firom any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon 
steel, stainless steel or other similar hi^ strength materials. In a preferred 
embodiment, the first lower sealing head 2730 is fabricated firom stainless steel in 
15 order to optimally provide high strength, corrosion resistance, and low fiiction 
surfaces. The outer sinface of the first lower sealing head 2730 preferably includes 
one or more annular sealing members 2850 for sealing the interface between the first 
lower sealmg head 2730 and the first outer sealing mandrel 2735. The sealing 
members 2850 may comprise any number of conventional commercially available 
20 annular sealing members such as, for example, o-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the sealing members 2850 comprise 
polypak seals available fi-om Parker Seals in order to optimally provide sealing for 
long axial strokes. 

The first lower sealing head 2730 may be coupled to the first inner sealing 
25 mandrel 2720 using any nximber of conventional commercially available mechanical 
couplings such as, for example, oilfield country tubular goods specialty threaded 
connections, welding, amorphous bonding, or standard threaded connection. In a 
preferred embodiment, the first lower sealing head 2730 is removably coupled to the 
first inner sealing mandrel 2720 by a standard threaded connection. In a preferred 



-173- 



Aiiomey uocKec JNo. Z5?yi.l7 



embodiment, the mechanical coupling between the first lower sealing head 2730 and 
the first inner sealing mandrel 2720 includes one or more sealing members 2855 for 
fluidicly sealing the interface between the first lower sealing head 2730 and the first 
inner sealing mandrel 2720. The sealing members 2855 may comprise any number 
5 of conventional commercially available sealing members such as, for example, o-rings, 
polypak seals or metal spring energized seals. In a preferred embodiment, the sealing 
members 2855 comprise pol3T)ak seals available firom Parker Seals in order to 
optimally provide sealing for long axial strokes. 

The first lower sealing head 2730 may be coupled to the second inner sealing 

10 mandrel 2740 using any niunber of conventional commercially available mechanical 
couplings such as, for example, oilfield coimtry tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. In a 
preferred embodiment, the lower sealing head 2730 is removably coupled to the 
second inner sealing mandrel 2740 by a standard threaded connection. In a 

15 preferred embodiment, the mechanical coupling between the first lower sealing head 
2730 and the second inner sealing mandrel 2740 includes one or more sealing 
members 2860 for flxiidicly sealing the interface between the first lower sealing head 
2730 and the second iimer sealing mandrel 2740. The sealing members 2860 may 
comprise any number of conventional commercially available sealing members such 

20 as, for example, o-rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2860 comprise polypak seals available from Parker 
Seals in order to optimally provide sealing for long axial strokes. 

The first outer sealing mandrel 2735 is coupled to the first upper sealing head 
2725, the second upper sealing head 2745, the second outer sealingmandrel 2755, and 

25 the expansion cone 2765. The first outer sealing mandrel 2735 is also movably 
coupled to the inner surface of the casing 2790 and the outer surface of the first lower 
sealing head 2730. In this manner, the first upper sealing head 2725, first outer 
sealing m andrel 2735, second upper sealing head 2745, second outer sealingmandrel 
2755, and the expansion cone 2765 reciprocate in the axial direction. The radial 
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clearance between the outer surface of the first outer sealing mandrel 2735 and the 
inner surface of the casing 2790 may range, for example, from about 0.025 to 0.375 
inches. In a preferred embodiment, the radial clearance between the outer surface 
of the first outer sealing mandrel 2735 and the inner surface of the casing 2790 
5 ranges from about 0.025 to 0.125 inches in order to optimally provide stabilization for 
the expansion cone 2765 during the expansion process. The radial clearance between 
the inner surface of the first outer sealing mandrel 2735 and the outer siurface of the 
first lower sealing head 2730 may range, for example, from about 0.0025 to 0.05 
inches. In a preferred embodiment, the radial clearance between the inner surface 

10 of the first outer sealing mandrel 2735 and the outer surface of the first lower sealing 
head 2730 ranges from about 0.005 to 0.01 inches in order to optimally provide 
minimal radial clearance. 

The outer sealing mandrel 1935 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The first outer sealing 

15 mandrel 2735 may be fabricated from any niunber of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. In a 
preferred embodiment, the first outer sealing mandrel 2735 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, and 

20 low friction surfaces. 

The first outer sealing mandrel 2735 may be coupled to the first upper sealing 
head 2725 using any number of conventional commercially available mechanical 
couplings such as, for example, oilfield cotmtry tubular goods, welding, amorphous 
bonding, or a standard threaded connection. In a preferred embodiment, the first 

25 outer sealing mandrel 2735 is removably coupled to the first upper sealing head 2725 
by a standard threaded connection. The first outer sealing mandrel 2735 may be 
coupled to the second upper sealing head 2745 xising any number of conventional 
commercially available mechanical couplings such as, for example, oilfield country 
tubular goods specialty threaded coimection, welding, amorphous bonding, or a 
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standard threaded connection. In a preferred embodiment, the first outer sealing 
mandrel 2735 is removably coupled to the second upper sealing head 2745 by a 
standard threaded connection. 

The second inner sealing mandrel 2740 is coupled to the first lower sealing 

head 2730 and the second lower sealinghead2750. The secondinnersealingmandrel 
2740 preferably comprises a substantially hollow tubular member or members. The 
second inner sealing mandrel 2740 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield country 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. In a preferred embodiment, the second inner sealing mandrel 
2740 is fabricated firom stainless steel in order to optimally provide hi^ strength, 
corrosion resistance, and low friction surfeces. 

The second inner sealing mandrel 2740 may be coupled to the first lower 
sealing head 2730 using any number of conventional commercially available 
15 mechanical couplings such as, for example, oilfield country tubular goods specialty 
threaded connection, welding, amorphous bonding, or a standard threaded 
connection. In a preferred embodiment, the second inner sealing mandrel 2740 is 
removably coupled to the furst lower sealing head 2740 by a standard threaded 
connection. The mechanical couplingbetween the secondinnerseahngmandrel 2740 
20 and the fust lower sealing head 2730 preferably inchides sealing members 2860. 

The second inner sealing mandrel 2740 may be coupled to the second lower 
sealing head 2750 using any number of conventional commercially available 
mechanical couplings such as, for example, oilfield country tubular s^ooda specialty 
threaded connection, welding, amorphous bonding, or a standard threaded 
25 connection. In a preferred embodiment, ihe second inner sealing mandrel 2720 is 
removably coupled to the second lower sealing head 2750 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupUngbetween the second 
inner sealing mandrel 2740 and the second lower sealing head 2750 includes one or 
more seaUng members 2865. The sealing members 2865 may comprise any number 
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of conventional commercially available seals such as, for example, o-rings, polypak 
seals or metal spring energized seals. In a preferred embodiment, the sealing 
members 2865 comprise polypak seals available from Parker Seals. 

The second inner sealing mandrel 2740 preferably includes a fluid passage 
2810 that is adapted to convey fluidic materials from the fluid passage 2805 into the 
fluid passage 2815. In a preferred embodiment, the fluid passage 2810 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling mud or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The second upper sealing head 2745 is coupled to the first upper sealing head 
2725, the first outer sealing mandrel 2735, the second outer sealing mandrel 2755, 
and the expansion cone 2765. The second upper sealing head 2745 is also movably 
coupled to the outer surface of the second inner sealing mandrel 2740 and the inner 
surface of the casing 2790. In this manner, the second upper sealing head 2745 
reciprocates in the axial direction. The radial clearance between the inner cyUndrical 
surface of the second upper sealing head 2745 and the outer surface of the second 
inner seaUngmandrel 2740 may range, for example, fromabout 0.0025 to 0.05 inches. 
In apreferred embodiment, the radial clearance between the inner cylindrical surface 
of the second upper seaUng head 2745 and the outer surface of the second inner 
sealing mandrel 2740 ranges from about 0.005 to 0.01 inches in order to optimally 
provide minimal radial clearance. The radial clearance between the outer cylmdrical 
surface of the second upper sealing head 2745 and the inner surface of the casing 
2790 may range, for example, from about 0.025 to .375 inches. In a preferred 
embodiment, the radial clearance between the outer cylindrical surface of the second 
upper sealing head 2745 and the inner surface of the casing 2790 ranges from about 
0.025 to 0.125 inches in order to optimally provide stabiUzation for the expansion 
cone 2765 during the expansion process. 

The second upper sealing head 2745 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The second upper sealing 
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head 2745 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield coxmtty tubular goods, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the second upper sealing head 2745 is fabricated from stainless steel in 
order to optimally provide high strength, corrosion resistance, and low friction 
surfaces. The inner surface of the second upper sealing head 2745 preferably includes 
one or more annular sealing members 2870 for sealing the interface between the 
second upper sealing head 2745 and the second inner seaUng mandrel 2740. The 
sealing members 2870 may comprise any number of conventional commercially 
available annular sealing members such as, for sample, o-rings, polypak seals, or 
metal spring energized seals. In a preferred embodiment, the sealing members 2870 
comprise polypak seals available from Parker Seals in order to optimalty provide 
sealing for long axial strokes. 

In a preferred embodiment, the second upper sealing head 2745 includes a 
shoulder 2875 for supportingthe second upper sealing head 2745 on the second lower 
sealing head 2750. 

The second upper sealing head 2745 may be coupled to the first outer sealing 
mandrel 2735 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield countiy tubular goods 
specialty threaded connection, ratchet-latch type threaded connection, or a standard 
threaded connection. In a preferred embodiment, the second upper sealing head 2 745 
is removably coupled to the first outer sealing mandrel 2735 by a standard threaded 
connection. In a preferred embodim^t, the mechanical coupling between the second 
upper sealing head 2745 and the first outer sealing mandrel 2735 includes one or 
more sealing members 2880 for fluidicly sealing the interface between the second 
upper sealing head 2745 and the furst outer sealing mandrel 2735. The sealing 
members 2880 may comprise any number of conventional commercially available 
sealing members such as, for example, o-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the sealing members 2880 comprise 
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polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial stroke. 

The second upper sealing head 2745 may be coupled to the second outer sealing 
mandrel 2755 using any number of conventional commercially available mechanical 
5 couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, or a standard threaded connection. In a preferred 
embodiment, the second upper sealing head 2745 is removably coupled to the second 
outer sealing mandrel 2755 by a standard threaded connection. In a preferred 
embodiment, the mechanical coupling between the second upper sealing head 2745 

10 and the second outer sealing mandrel 2755 includes one or more sealing members 
2885 for flxiidicly sealing the interface between the second upper sealing head 2745 
and the second outer sealing mandrel 2755. The sealing members 2885 may comprise 
any number of conventional conmiercially available sealing members such as, for 
example, o-rings, polypak seals or metal spring energized seals. In a preferred 

15 embodiment, the sealingmembers 2885 comprise polypak seals available from Parker 
Seals in order to optimally provide sealing for long axial strokes. 

The second lower sealing head 2750 is coupled to the second iimer sealing 
mandrel 2740 and the load mandrel 2760. The second lower sealing head 2750 is also 
movably coupled to the iimer surface of the second outer sealing mandrel 2755. In 

20 this maimer, the first upper sealing head 2725, the first outer sealing mandrel 2735, 
second upper sealing head 2745, second outer sealing mandrel 2755, and the 
expansion cone 2765 reciprocate in the axial direction. The radial clearance between 
the outer surface of the second lower sealing head 2750 and the inner surface of the 
second outer sealing mandrel 2755 may range, for example, from about 0.0025 to 0.05 

25 inches. In a preferred embodiment, the radial clearance between the outer surface 
of the second lower sealing head 2750 and the inner surface of the second outer 
sealing mandrel 2755 ranges from about 0.005 to 0.01 inches in order to optinaally 
provide minimal radial clearance. 
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The second lower sealing head 2750 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The second lower sealing 
head 2750 may be fabricated from any number of con ventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon 
5 steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the second lower sealing head 2750 is fabricated from stainless steel in 
order to optimally provide high strength, corrosion resistance, and low friction 
surfaces. The outer suiface of the second lower sealing head 2750 preferably includes 
one or more annular sealing members 2890 for sealing the interface between the 

10 second lower sealing head 2750 and the second outer sealing mandrel 2755. The 
sealing members 2890 may comprise any number of conventional commercially 
available annular sealing members such as, for example, o-rings, polypak seals or 
metal spring energized seals. In a preferred embodiment, the sealing members 2890 
comprise polypak seals available fix>m Parker Seals in order to optimally provide 

15 sealing for long axial strokes. 

The second lower sealing head 2750 may be coupled to the second inner sealing 
mandrel 2740 using any number of conventional commercially available mechanical 
couplings such as, for example, driilpipe connection, oilfield country tubular goods 
specialty threaded connection, ratchet-latch type threaded connection, or a standard 

20 threaded connection. In a preferred embodiment, the second lower sealing head 2750 
is removably coupled to the second inner sealing mandrel 2740 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling between 
the second lower sealing head 2750 and the second inner seahng mandrel 2740 
includes one or more sealing members 2895 for fluidicly sealing the interface between 

25 the second sealing head 2750and the second seaUng mandrel 2740. The sealing 
members 2895 may comprise any number of conventional commercially available 
seaUng members such as, for example, o-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the sealing members 2895 comprise 
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polypak seals available firom Parker Seals in order to optimally provide sealing for a 
long axial stroke. 

The second lower sealing head 2750 may be coupled to the load mandrel 2760 
iising any number of conventional commercially available mechanical couplings such 

5 as, for example, drillpipe connection, oilfield tubxilar goods specialty threaded 
connection, ratchet-latch type threaded connection, or a standard threaded 
connection. In a preferred embodiment, the second lower sealing head 2750 is 
removably coupled to the load mandrel 2760 by a standard threaded connection. In 
a preferred embodiment, the mechanical coupling between the second lower sealing 

10 head 2750 and the load mandrel 2760 includes one or more sealing members 2900 for 
fluidicly sealing the interface between the second lower sealing head 2750 and the 
load mandrel 2760. The sealing members 2900 may comprise any number of 
conventional commercially available sealing members such as, for example, o-rings, 
polypak seals or metal spring energized seals. In a preferred embodiment, the sealing 

15 members 2900 comprise polypak seals available firom Parker Seals in order to 
optimally provide sealing for long axial strokes. 

In a preferred embodiment, the second lower sealing head 2750 includes a 
throat passage 2905 fluidicly coupled between the fluid passages 2810 and 2815. The 
throat passage 2905 is preferably of reduced size and is adapted to receive and engage 

20 with a plug 2910, or other sunilar device. In this manner, the fluid passage 2810 is 
fluidicly isolated firom the fluid passage 2815. In this manner, the pressure chambers 
2915 and 2920 are pressurized. The use of a pluralily of pressure chamJbers in the 
apparatus 2700 permits the effective driving force to be multiplied. While illustrated 
using a pair of pressure chambers, 2915 and 2920, the apparatus 2700 maybe further 

25 modified to employ additional pressure chambers. 

The second outer sealing mandrel 2755 is coupled to the first upper sealing 
head 2725, the first outer sealing mandrel 2735, the second upper sealing head 2745, 
and the expansion cone 2765 . The second outer sealing mandrel 2755 is also movably 
coupled to the inner surface of the casing 2790 and the outer surface of the second 
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lower sealing head 2750. In this manner, the first upper sealing head 2725, first 
outer sealing mandrel 2735, second upper sealing head 2745, second outer sealing 
mandrel 2755, and the expansion cone 2766 reciprocate in the axial direction. 

The radial clearance between the outer surface of the second outer sealing 
mandrel 2755 and the inner surface of the casing 2790 may range, for example, from 
about 0.025 to 0.375 inches. In apreferred embodiment, the radial clearance between 
the outer surface of the second outer sealing mandrel 2755 and the inner surface of 
the casing 2790 ranges from about 0.025 to 0. 125 inches in order to optimally provide 
stabilization for the e:q>an8ion cone 2765 during the expansion process. The radial 
clearance between the mner surface of the second outer sealingmandrel 2755 and the 
outer surface of the second lower sealing head 2750 may range, for example, from 
about 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance between 
the inner surface of the second outer sealing mandrel 2755 and the outer surface of 
the second lower sealing head 2750 ranges from about 0.005 to 0.01 inches in order 
to optimally provide minimal radial clearance. 

The second outer sealing mandrel 2755 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The second outer 
sealing mandrel 2755 may be fabricated from any number of conventional 
commercial^ available materials such as, for example, oilfield country tubular goods, 
low alloy steel, carbon steel, stainless steel or other similar hi^ strength materials. 
In a preferred embodiment, the second outer sealingmandrel 2755 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, and 
low friction surfaces. 

The second outer sealing mandrel 2755 may be coupled to the second upper 
sealing head 2745 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty threaded comiection, ra;tchet-latch type threaded connection 
or a standard threaded connection. In a preferred embodiment, the second outer 
sealing mandrel 2755 is removably cpupled to the second upper sealing head 2745 by 
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The casing 3335 may be expanded in the radial direction using any number of 
conventional commercially available methods. The casing 3335 is expanded in the 
radial direction using one or more of the processes and apparatus described within the 
present disclosure. 

The seals 3340 prevent the passage of fluids and other materials within the 
annular region 3365 between the solid casings 3335 and 3350 and the wellbore 3305. 
The seals 3340 may comprise any number of conventional commercially available 
sealing materials suitable for sealmg a casing in a wellbore such as. for example, lead, 
rubber or epoxy. The seals 3340 comprise Stratalok epoxy material available from 
Halliburton Energy Services. 

The slotted casing 3345 permits fluids and other materials to pass into and out 
of the interior of the slotted casing 3345 from and to the annular region 3365. In this 
manner, oil and gas may be produced from a producing subterranean zone within a 
subterranean formation. The slotted casing 3345 may comprise any number of 
conventional commercially available sections of slotted tubular casing. The slotted 
casing 3345 comprises expandable slotted tubular casing available from Petroline in 
Aberdeen. Scotland. The slotted casing 145 comprises expandable slotted sandscreen 
tubular casing available from Petroline in Aberdeen, Scotland. 

The slotted casing 3345 is preferably coupled to one or more solid casing 3335. 
The slotted casing 3345 may be coupled to the solid casing 3335 using any number of 
conventional commercially available processes such as, for example, welding, or 
slotted or solid expandable connectors. The slotted casing 3345 is coupled to the solid 
casing 3335 by expandable solid connectore. 

The slotted casing 3345 is preferably coupled to one or more intemiediate solid 
casings 3350. The slotted casing 3345 may be coupled to the intermediate solid casing 
3350 using any number of conventional commercially available processes such as. for 
example, welding or expandable solid or slotted connectors. The slotted casing 3345 is 
coupled to the intermediate solid casing 3350 by expandable solid connectors. 

The last section of slotted casing 3345 is preferably coupled to the shoe 3355. 
The last slotted casing 3345 may be coupled to the shoe 3355 using any number of 
conventional commercially available processes such as, for example, welding or 
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a standard threaded connection. The second outer sealing mandrel 2755 may be 
coupled to the expansion cone 2765 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, oilfield 
coxmtiy tubular goods specialty type threaded connection, ratchet-latch type threaded 
5 connection, or a standard threaded connection. In a preferred embodiment, the 
second outer sealing mandrel 2755 is removably coupled to the expansion cone 2765 
by a standard threaded connection. 

The load mandrel 2760 is coupled to the second lower sealing head 2750 and 
the mechanical slip body 2755. The load mandrel 2760 preferably comprises an 

10 anTinlflr member having substantially cylindrical ixmer and outer surfaces. The load 
mandrel 2760 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low aUoy 
steel, carbon steel, stainless steel or other similar high strength materials. In a 
preferred embodiment, the load mandrel 2760 is fabricated from stainless steel in 

15 order to optimally provide high strength, corrosion resistance, and low friction 
surfaces. 

The load mandrel 2760 may be coupled to the second lower sealing head 2750 
using any number of conventional conunerdally available mechanical couplings Such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 

20 threaded connection, ratdiet-latch type threaded connection, or a standard threaded 
connection. Inapreferred embodiment, theloadmandrel2760i8removab]ycoupled 
to the second lower sealing head 2750 by a standard threaded connection. The load 
mandrel 2760 may be coupled to the mechanical slip body 2775 using any number of 
conventional commercially available mechanical couplings such as, for example, 

25 drillpipe connection, oilfield coimtry tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection or a standard threaded 
connection. In a preferred embodiment, the load mandrel 2760 is removably coupled 
to the mechanical slip body 2775 by a standard threaded connection. 
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The load mandrel 2760 preferably includes a fluid passage 2815 that is adapted 
to convey fluidic materials from the fluid passage 2810 to the flmd passage 2820. In 
a preferred embodimrat, the fluid passage 2815 is adapted to convey fluidic materials 
such as, for example, cement, epoxy, water, drilling mud or lubricants at operating 
5 pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The expansion cone 2765 is coupled to the second outer sealing mandrel 2755. 
The expansion cone 2765 is also movably coupled to the inner surface of the casing 
2790. In this manner, the furst upper sealing head 2725, first outer sealing mandrel 

10 2735, second upper sealing head 2745, second outer sealing mandrel 2755, and the 
expansion cone 2765 reciprocate in the axial direction. The reciprocation of the 
expansion cone 2765 causes the casing 2790 to esqpand in the radial direction. 

The expansion cone 2765 preferably comprises an anTinlfl r member having 
substantially cylindrical inner and conical outer surfaces. The outside radius of the 

15 outside conical surface may range, for example, from about 2 to 34 inches. In a 
preferred embodiment, the outside radius of the outside conical surface ranges from 
about 3 to 28 inches in order to optimally provide expansion cone dimensions that 
accommodate the typical range of casings. The axial length of the expansion cone 
2765 may range, for example, from about 2 to 8 times the largest outer diameter of 

20 the expansion cone 2765. In a preferred embodiment, the axial length of the 
expansion cone 2765 ranges from about 3 to 5 tunes the largest outer diameter of the 
expansion cone 2765 in order to optimally provide stabilization and centralization of 
the expansion cone 2765. In a preferred embodiment, the angle of attack of the 
expansion cone 2765 rai^s from about 5 to 30 degrees in order to optimally balance 

25 frictional forces and radial expansion forces. 

The expansion cone 2765 may be fabricated from any nxmiber of conventional 
commercially available materials such as, for example, machine tool steel, nitride 
steel, titaniimi, tungsten carbide, ceramics or other similar high strength materials. 
In a preferred embodiment, the expansion cone 2765 is fabricated from D2 machine 
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tool steel in order to optimally provide faij^ strength and resistance to corrosion and 
galling. In a particularly preferred embodiment, the outside surface of the expansion 
cone 2765 has a surface hardness ranging from about 58 to 62 Bockwell C in order 
to optimally provide high strength and resistance to wear and galling 
5 The expansion cone 2765 may be coupled to the second outside sealingmandrel 

2765 using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield countxy tubular goods specialty 
type threaded connection, ratchet-latch type threaded coimection or a standard 
threaded coimection. In apreferred embodiment, the expansion cone 2765 is coupled 
10 to the second outside sealing mandrel 2765 using a standard threaded connection in 
order to optimally provide high strength £uid ea^ replacement of the expansion cone 
2765. 

The mandrel laimcher 2770 is coupled to the casing 2790. The mandrel 
laimcher 2770 comprises a tubular section of casing having a reduced wall thickness 

15 compared to the casing 2790. In a preferred embodiment, the wail thickness of the 
mandrel launcher 2770 is about 50 to 100 % of the wall thickness of the casing 2790. 
The wall thickness of the mandrel laimcher 2770 may range , for example, from about 
0.15 to 1.5 inches. In a preferred embodiment, the wall thickness of the mandrel 
launcher 2770 ranges from about 0.25 to 0.75 inches. In this manner, the initiation 

20 of the radial escpansion of the casing 2790 is facilitated, the placement of the 
apparatus 2700 within a wellbore casing and wellbore is facilitated, and the mandrel 
launcher 2770 has a biu^t strength approzunately equal to that of the casing 2790. 

The mandrel laimcher 2770 may be coupled to the casing 2790 using any 
number of conventional mechanical couplings such as, for example, a standard 
25 threaded connection. The mandrel launcher 2770 may be fabricated from any 
niimber of conventional commercially available materials such as, for example, 
oilfield country tubtdar goods, low alloy steel, carbon steel, stainless steel, or other 
similar high strength materials. In a preferred ei&bodiment, the mandrel launcher 
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2770 is fabricated from oilfield country tubular goods of higher strength than that of 
the casing 2790 but with a reduced wall thickness in order to optimally provide a 
small compact tubular container having a burst strength approximately equal to that 
of the casing 2790. 

5 The mechanical sUp body 2775 is coupled to the load mandrel 2760, the 

mechanical shps 2780, and the drag blocks 2785. The mechanical slip body 2775 
preferably comprises a tubular member having an inner passage 2820 fluidicly 
coupled to the passage 2815. In this manner, fluidic materials may be conveyed from 
the passage 2820 to a r^on outside of the apparatus 2700. 

10 The mechanical slip body 2775 may be coupled to the load mandrel 2760 using 

any number of conventional mechanical couplings. In a preferred embodiment, the 
mechanical sUp body 2775 is removably coupled to the load mandrel 2760 using a 
standard threaded connection in order to optimally provide hi^ strength and easy 
disassembly. The mechanical slip body 2775 may be coupled to the mechanical slips 

15 2780 using any number of conventional mechanical couplings. In a preferred 
embodiment, the mechanical slip body 2755 is removably coupled to the mechanical 
slips 2780 using threaded connections and sliding steel retainer rings in order to 
optimally provide a high strength attachment. The mechanical slip body 2755 may 
be coupled to the drag blocks 2785 using any number of conventional mechanical 

20 couplings. In a preferred embodimmt, the mechanical slip body 2775 is removably 
coupled to the drag blocks 2785 using threaded connections and sliding steel retainer 
rings in order to optimally provide a hi^ strength attachment. 

The mechanical slip body 2775 preferably includes a fluid passage 2820 that 
is adapted to convey fluidic materials firom the fluid passage 2815 to the region 

25 outside of the apparatus 2700. In a preferred embodiment, the fluid passage 2820 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging firom about 
0 to 9,000 psi and 0 to 3,000 gallons/minute. 
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The mechanical slips 2780 are coupled to the outside surface of the mechanical 
slip body 2775. During operation of the apparatus 2700, the mechanical slips 2780 
prevent upward movement of the casing 2790 and mandrel launcher 2770. In this 
manner, during the axial reciprocation of the expansion cone 2765, the casing 2790 
5 and mandrel lamxcher 2770 are maintained in a substantially stationary position. In 
this manner, the ntiandrel launcher 2765 and casing 2790 and mandrel launcher 2770 
are expanded in the radial direction by the axial movement of the esqpansion cone 
2765. 

The mechanical slips 2780 may comprise any number of conventional 

10 conmiercially available mechanical slips such as, for example, RTTS packer tungsten 
carbide mechanical sUps, RTTS packer wicker type mechanical slips or Model 3L 
retrievable bridge plug tungsten carbide upper m^echanical slips. In a preferred 
embodiment, the mechanical slips 2780 comprise RTTS packer tungsten carbide 
mechanical slips available from Halliburton Energy Services in order to optimally 

15 provide resistance to axial movement of the casing 2790 and mandrel launcher 2770 
during the expansion process. 

The drag blocks 2785 are coupled to the outside surface of the mechanical slip 
body 2775. During operation of the apparatus 2700, the drag blocks 2785 prevent 
upward movement of the casing 2790 and mandrd launcher 2770. In this manner, 

20 during the axial reciprocation of the expansion cone 2765, the casing 2790 and 
mandrel launcher 2770 are maintained in a substantially stationary position. In this 
manner, the mandrel launcher 2770 and casing 2790 are expanded in the radial 
direction by the axial movement of the expansion cone 2765. 

The drag blocks 2785 may comprise any number of conventional conmiercially 

25 available mechanical slips such as, for example, RTTS packer mechanical drag blocks 
or Model 3L retrievable bridge plug drag blocks. In apreferred embodiment, the drag 
blocks 2785 comprise RTTS packer mechanical drag blocks available firom 
Halliburton Energy Services in order to optimally provide resistance to axial 
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movement of the casing 2790 and mandrel launcher 2770 during- the expansion 
process. 

The casing 2790 is coupled to the mandrel launcher 2770. The casing 2790 is 
further removably coupled to the mechanical slips 2780 and drag blocks 2785. The 
5 casing 2790 preferably comprises a tubular member. The casing 2790 may be 
fabricated from any number of conventional commercially available materials such 
as, for example, slotted tubidars, oilfield coimtry tubular goods, low aUoy steel, 
carbon steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the casing 2790 is fabricated from oilfield country tubular goods 

10 available from various foreign and domestic steel mills ui order to optimally provide 
high strength using standardized materials. In a preferred embodiment, the upper 
end of the casing 2790 includes one or more sealing members positioned about the 
exterior of the casing 2790. 

During operation, the apparatus 2700 is positioned in a wellbore with the 

15 upper end of the casing 2790 positioned in an overlapping relationship within an 
existing wellbore casing. In order minimize surge pressures within the borehole 
duringplacement of the apparatus 2700, the fluid passage 2795 is preferably provided 
with one or more pressure relief passages. During the placement of the apparatus 
2700 in the wellbore, the casing 2790 is supported by the expansion cone 2765. 

20 After positioning of the apparatus 2700 within the bore hole in an overlapping 

relationship with an existing section of wellbore casing, a first fiuidic material is 
pumped into the fluid passage 2795 from a surface location. The first fiuidic material 
is conveyed from the fluid passage 2795 to the fluid passages 2800, 2802, 2805, 2810, 
2815, and 2820. The first fluidic material will then exit the apparatus 2700 and fill 

25 the annular region between the outside of the apparatus 2700 and the interior walls 
of the bore hole. 

The first fluidic material may comprise any number of conventional 
commercially available materials such as, for example, epoxy, drilling mud, slag mix, 
water or cement. In a preferred embodiment, the first fluidic material comprises a 
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hardenable fliiidic sealing material such as, for example, slag thit epo^^, or cement. 
In this manner, a wellbore casing having an outer flTimilflr layer of a hardenable 
material may be fomed. 

The first fluidic material may be pumped into the apparatus 2700 at operating 
5 pressxires and flow rates ranging, for example, from about 0 to 4,500 psi and 0 to 
3,000 gallons/minute. In a preferred embodiment, the first fluidic material is pumped 
into the apparatus 2700 at operating pressures and flow rates ranging from about 0 
to 3,500 psi and 0 to 1,200 gallons/minute in order to optimally provide operational 
efficiency. 

10 At a predetermined point in the injection of the first fluidic material such as, 

for example, after the annular region outside of the apparatus 2700 has been filled 
to a predetermined level, a plug 2910, dart, or other similar device is introduced into 
the first fluidic material. The pltig 2910 lodges in the throat passage 2905 thereby 
fluidiciy isolating the fluid passage 2810 fi^om the fluid passage 2815. 

15 After placement of the plug 2910 in the throat passage 2905, a second fluidic 

material is pxmiped into the fluid passage 2795 in order to pressurize the pressure 
chambers 2915 and 2920. The second fluidic material may comprise any number of 
conventional commercially available materials such as, for example, water, drilling 
gases, drilling mud or lubricants. In a preferred embodiment, the second fluidic 

20 material comprises a non-hardenable fluidic material such as, for example, water, 
drilling mud or lubricant. The use of lubricant optimally provides lubrication of the 
moving parts of the apparatus 2700. 

The second fluidic material may be piimped into the apparatus 2700 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 

25 and 0 to 4,500 gallons/minute. In a preferred embodiment, the second fluidic 
material is pumped into the apparatus 2700 at operating pressures and flow rates 
ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order to optimally 
provide operational efiicienc^. 
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The pressurization of tiie pressure chazzibers 2915 and 2920 cause the upper 
sealing heads, 2725 and 2745, outer sealing mandrels, 2735 and 2755, and expansion 
cone 2765 to move in an axial direction. As the expansion cone 2765 moves in the 
axial direction, the expansion cone 2765 pulls the mandrel launcher 2770, casing 
5 2790, and drag blocks 2785 along, which sets the mechanical sHps 2780 and stops 
further axial movement of the mandrel launcher 2770 and casing 2790. In this 
manner, the axial movement of the expansion cone 2765 radially expands the 
mandrel launcher 2770 and casing 2790. 

Once the upper sealing heads, 2725 and 2745, outer sealing mnni^irels, 2735 

10 and 2755, and expansion cone 2765 complete an axial stroke, the operating pressure 
of the second fluidic material is reduced and the drill string 2705 is raised. This 
causes the inner sealing mandrels, 2720 and 2740, lower sealing heads, 2730 and 
2750, load mandrel 2760, and mechanical slip body 2755 to move upward. This 
unsets the mechanical slips 2780 and permits the mechanical slips 2780 and drag 

15 blocks 2785 to be moved upward within the mandrel launcher 2770 and casing 2790. 
When the lower sealing heads, 2730 and 2750, contact the upper sealing heads, 2725 
and 2745, the second fluidic material is agaiu pressurized and the radial expansion 
process continues. In this manner, the mandrel launcher 2770 and casing 2790 are 
radially expanded through repeated axial strokes of the upper sealingheads, 2725 and 

20 2745, outer sealing mandrels, 2735 and 2755, and expansion cone 2765. Throu^out 
the radial expansion process, the upper end of the casing 2790 is preferably 
maintained in an overlapping relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 2790 is 
Expanded into intimate contact with the inside surface of the lower end of the existing 

25 wellbore casing. In a preferred embodiment, the sealing members provided at the 
upper end of the casing 2790 provide a fluidic seal between the outside surface of the 
upper end of the casing 2790 and the inside surface of the lower end of the existing 
wellbore casing. In a preferred embodiment, the contact pressure betwera the casing 
2790 and the existing section of wellbore casing ranges from about 400 to 10,000 in 
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order to optunally provide contact pressure for activating the sealing members, 
provide optimal resistance to axial movement of the expanded casing, and optimally 
resist typical tensile and compressive loads on the expanded casing. 

In a preferred embodiment, as the expansion cone 2765 nears the end of the 
5 easily 2790, the operating pressure of the second fluidic material is reduced in order 
to minimize shock to the apparatus 2700. In an alternative embodiment^ the 
apparatus 2700 includes a shock absorber for absorbing the shock created by the 
completion of the radial expansion of the casing 2790. 

In a preferred embodiment, the reduced operating pressure of the second 

10 fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2765 nears 
the end of the casing 2790 in order to optimally provide reduced axial movement and 
velocity of the expansion cone 2765. In a preferred embodiment, the operating 
pressure of the second fluidic material is reduced during the return stroke of the 
apparatus 2700 to the range of about 0 to 500 psi in order minimize the resistance to 

15 the movement of the expansion cone 2765 during the return stroke. In a preferred 
embodiment, the stroke length of the apparatus 2700 ranges from about 10 to 45 feet 
in order to optimally provide equipment that can be easily handled by typical oil well 
rigging equipment and minimize the frequency at which the apparatus 2700 must be 
re-stroked during an expansion operation. 

20 In an alternative embodiment, at least a portion of the iqpper sealing heads, 

2725 and 2745, include expansion cones for radially expanding the mandrel launcher 
2770 and casing 2790 during operation of the apparatus 2700 in order to increase the 
surface area of the casing 2790 acted upon during the radial expaimon process. In 
this manner, the operating pressures can be reduced. 

25 ' In an alternative embodiment, mechanical slips are positioned in an axial 

location between the sealing sleeve 1915 and the first iimer sealing mandrel 2720 in 
order to optimally provide a simplified assembly and operation of the apparatus 2700. 

Upon the complete radial expansion of the casing 2790, if applicable, the first 
fluidic material is permitted to cure within the annular region between the outside 
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of the expanded casing 2790 and the interior walls of the wellbore. In the case where 
the casing 2790 is slotted, the cured fluidic material preferably permeates and 
envelops the expanded casing 2790. In this maimer, a new section of wellbore casing 
is formed within a wellbore. Alternatively, the apparatus 2700 may be used to join 
5 a first section of pipeline to an existing section of pipeline. Alternatively, the 
apparatus 2700 may be used to dhrectly line the interior of a wellbore with a casing, 
without the use of an outer annular layer of a hardenable material. Alternatively, the 
apparatus 2700 may be used to expand a tubular support member in a hole. 

Dining the radial expansion proceiK, the pressurized areas of the apparatus 

10 2700 are limited to the fluid passages 2795, 2800, 2802, 2805, and 2810, and the 
pressure chambers 2915 and 2920. No fluid presstire acts directly on the mandrel 
launcher 2770 and casing 2790. This permits the use of operating pressures higher 
than the mandrel latmcher 2770 and casing 2790 could normally withstand. 

Referring now to Figure 20, a preferred embodiment of an apparatus 3000 for 

15 forming a mono-diameter wellbore casing will be described. The apparatus 3000 
preferably includes a drillpipe 3005, an innerstring adapter 3010, a sealing sleeve 
3015, a flrst inner sealing mandrel 3020, hydraulic slips 3025, a first upper sealing 
head 3030, a first lower sealing head 3035, a first outer sealing mandrel 3040, a 
second inner sealing mandrel 3045, a second upper sealing head 3050, a second lower 

20 sealing head 3055, a second outer sealing mandrel 3060, load mandrel 3065, 
expansion cone 3070, casing 3075, and fluid passages 3080, 3085, 3090, 3095, 3100, 
3105, 3110, 3115 and 3120, 

The drillpipe 3005 is coupled to the innerstring adapter 3010. During 
operation of the apparatus 3000, the drillpipe 3005 supports the apparatus 3000. The 

25 drillpipe 3005 preferably comprises a substantially hollow tubular member or 
members. The drillpipe 3005 may be fabricated fix>m any number of conventional 
commercially available materials such as, for example, oilfield countiy tubular goods, 
low alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the drillpipe 3005 is fabricated firom coiled tubing in 
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order to faciliate the placement of the apparatus 3000 m non-vertical wellbores. The 
drillpipe 3005 may be coupled to the innerstring adapter 3010 using any number of 
conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty threaded connection, or 
5 a standard threaded connection. In a preferred embodiment, the drillpipe 3005 is 
removably coupled to the innerstring adapter 3010 by a drillpipe connection. 

The drillpipe 3005 preferably includes a fluid passage 3080 that is adapted to 
convey fluidic materials from a surface location into the fluid passage 3085. In a 
preferred embodiment, the fluid passage 3080 is adapted to convey fluidic materials 
10 such as, for example, cement, epo^, water, drilling mud or lubricants at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gaUons/minute. 

The innerstring adapter 3010 is coupled to the drill string 3005 and the sealing 
sleeve 3015. The innerstring adapter 3010 preferably comprises a substantially 

15 hollow tubular member or members. The innerstring adapter 3010 may be fabricated 
from any niunber of conventional commercially available materials such as, for 
example, oilfield coimtry tubular goods, low alloy steel, carbon steel, stainless steel, 
or other similar high strength materials. In a preferred embodiment, the innerstring 
adapter 3010 is fabricated from stainless steel in order to optimally provide high 

20 strength, corrosion resistance, and low friction surfrures. 

The innerstring adapter 30 10 may be coupled to the drill string 3005 using any 
number of conventional commercially available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specially type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 

25 innerstring adapter 3010 Ls removably coupled to the diill pipe 3005 by a drillpipe 
connection. The innerstring adapter 3010 may be coupled to the sealing sleeve 3015 
using any nmnber of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield coxmtry tubular goods specialty type 
threaded connection, ratchet-latch type threaded connection or a standard threaded 
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connection. In a preferred embodiment, the innerstring adapter 3010 is removably 
coupled to the sealing sleeve 3015 by a standard threaded connection. 

The innerstring adapter 3010 preferably includes a fluid passage 3085 that is 
adapted to convey fluidic materials from the fluid passage 3080 into the fluid passage 
5 3090. In a preferred embodiment, the fluid passage 3085 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling mud, or lubricants at 
operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The sealing sleeve 3015 is coupled to the innerstring adapter 3010 and the first 

10 inner sealing mandrel 3020. The sealing sleeve 3015 preferably comprises a 
substantially hollow tubular member or members. The sealing sleeve 3015 may be 
fabricated from any number of conventional commercially available materials such 
as, for example, oilfield country tubular goods, low alloy steel, carbon steel, stainless 
steel or other similar high strength materials. In a preferred embodiment, the sealing 

15 sleeve 3015 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low firiction surfaces. 

The sealing sleeve 3015 may be coupled to the innerstring adapter 3010 using 
any number of conventional conunendally available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 

20 connection, ratchet-latch type connection or a standard threaded connection. In a 
preferred embodiment, the sealing sleeve 3015 is removably coupled to the 
innerstring adapter 3010 by a standard threaded connection. The sealing sleeve 3015 
xnay be coupled to the first inner sealing mandrel 3020 using any number of 
conventional commercially available mechanical couplings such as, for example, 

25 drillpipe connection, oilfield coimtry tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection or a standard threaded 
connection. In a preferred embodiment, the sealing sleeve 3015 is removably coupled 
to the first inner sealing mandrel 3020 by a standard threaded connection. 
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The sealing sleeve 3015 preferably includes a fluid passage 3090 thatis adapted 
to convey fluidic materials from the fluid passage 3085 into the fliiid passage 3095. 
In a preferred embodiment, the fluid passage 3090 is adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling mud, or lubricants at 
5 operating pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute. 

The first inner sealing mandrel 3020 is coupled to the sealing sleeve 3015, the 
hydraulic slips 3025, and the first lower sealing head 3035. The first inner sealing 
mandrel 3020 is further movably coupled to the first upper sealing head 3030. The 

10 first inner sealing mandrel 3020 preferabfy comprises a substantially hollow tubular 
member or members. The first inner sealing mandrel 3020 may be fabricated from 
any number of conventional commercially available materials such as, for example, 
oilfield coimtry tubular goods, low aUoy steel, carbon steel, stainless steel, or similar 
high strength materials. In a preferred embodiment, the first inner sealing mandrel 

15 3020 is fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The first inner seaUng mandrel 3020 may be coupled to the sealingsleeve 3015 
using any n\unber of conventional commercially available mechanical couplings such 
as, for example, driUpipe connection, oilfield country tubular goods specialty type 

20 threaded connection, ratchet-latch type threaded connection or a standard threaded 
connection. In a preferred embodiment, the fii^ inner sealing mandrel 3020 is 
removably coupled to the sealing sleeve 3015 by a standard threaded connection. The 
first inner sealing mandrel 3020 may be coupled to the hydraulic slips 3025 using any 
number of conventional commercially available mechanical couplings such as, for 

25 example, drillpipe connection, oilfield coxmtry tubular goods specialty type threaded 
connection, ratchet-latch type threaded connection or a standard threaded 
connection. In a preferred embodiment, the first inner sealing mandrel 3020 is 
removably coupled to the hydraulic slips 3025 by a standard threaded connection. 
The first inner sealing mandrel 3020 may be coupled to the first lower sealing head 



-195- 



3035 using any number of conventional commercially available mechanical couplings 
such as, for example, driUpipe connection, oilfield country tubular goods specialty 
type threaded connection, ratchet-latch type threaded connection or a standard 
threaded connection. In a preferred embodiment, the first inner sealing mandrel 
5 3020 is removably coupled to the first lower sealing head 3035 by a standard threaded 
connection. 

The first inner sealing mandrel 3020 preferably includes a fluid passage 3095 
that is adapted to convey fluidic materials from the fhiid passage 3090 into the fluid 
passageSlOO. In a preferred embodiment, the fluid passage 3095 is adapted to convey 

10 fluidic materials such as, for example, water, drilling mud, cement, epoxy, or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gaUons/minute. 

The first inner sealingmandrel 3020 flirther preferably includes fluid passages 
3110 that are adapted to convey fluidic materials from the fluid passage 3095 into the 

15 pressure chambers of the hydraulic slips 3025. In this manner, the slips 3025 are 
activated upon the pressurization of the fhiid passage 3095 into contact with the 
inside surface of the casing 3075. In a preferred embodiment, the fluid passages 31 10 
are adapted to convey fluidic materials such as, for example, cement, epoxy y water, 
drilling fluids or lubricants at operating pressures and flow rates ranging from about 

20 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The first inner sealingmandrel 3020 further preferably includes fluid passages 
3115 that are adapted to convey fluidic materials from the fltdd passage 3095 into the 
first pressure chamber 3175 defined by the first upper sealing head 3030, the first 
lower sealing head 3035, the first inner sealing mandrel 3020, and the first outer 

25 sealing mandrel 3040. During operation of the apparatus 3000, pressurization of the 
pressure chamber 3175 causes the first upper sealing head 3030, the first outer 
sealing mandrel 3040, the second upper sealing head 3050, the second outer sealing 
mandrel 3060, and the expansion cone 3070 to move in an axial direction. 
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The slips 3025 are coupled to the outside surface of the first inner sealing 
mandrel 3020. During operation of the apparatus 3000, the slips 3025 are activated 
upon the pressurization of the fluid passage 3095 into contact with the inside surface 
of the casing 3075. In this manner, the slips 3025 maintain the casing 3075 in a 
substantially stationary position. 

The slips 3025 preferably include fluid passages 3126, pressure chambers 3130 , 
spring bias 3135, and slip members 3140. The slips 3025 may comprise any number 
of conventional commercially available hydraulic slips such as, for example, RTTS 
packer tungsten carbide hydrauhc slips or Model 3L retrievable bridge plug with 
hydraulic slips. In a preferred embodiment, the slips 3025 comprise RTTS packer 
tungsten carbide hydraulic slips available from Halliburton Energy Services in order 
to optimally provide resistance to axial movement of the casing 3075 during the 
expansion process. 

The first upper sealing head 3030 is coupled to the first outer sealing mandrel 
3040, the second upper sealinghead 3050, the second outer sealingmandrel 3060, and 
the expansion cone 3070. The first upper sealing head 3030 is also movably coupled 
to the outer surface of the first inner sealingmandrel 3020 and the inner surface of 
the casing 3075. In this manner, the first upper sealing head 3030, the first outer 
sealing mandrel 3040, the second upper sealing head 3050, the second outer seahng 
mandrel 3060, and the expansion cone 3070 reciprocate in the axial direction. 

The radial clearance between the inner cylindrical surface of the first upper 
sealmg head 3030 and the outer surface of the first inner sealing mandrel 3020 may 
range, for example, from about 0.0025 to 0.05 inches- In a preferred embodiment, the 
radial clearance between the inner cylindrical surface of the first upper sealing head 
3030 and the outer surface of the first inner seaUng mandrel 3020 ranges fi^m about 
0.005 to 0.01 inches in order to optimally provide minimal radial clearance. The 
radial clearance between the outer cylindrical surface of the first upper sealing head 
3030 and the inner surface of the casing 3075 may range, for example, firom about 
0.025 to 0.375 inches. In a preferred embodiment, the radial clearance between the 
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outer cylindrical surface of the first upper sealing head 3030 and the inner surface of 
the casing 3075 ranges from about 0.025 to 0. 125 inches in order to optimally provide 
stabilization for the expansion cone 3070 during the e3q)an8ion process. 

The first upper sealing head 3030 preferably comprises an annular member 
5 having substantially qrlindrical inner and outer surfaces. The first upper sealing 
head 3030 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, carbon 
steel, or other similar high strength materials. In a preferred enoJbodiment, the first 
upper seaUng head 3030 is fabricated fix)m stainless steel hi order to optimalfy 

10 provide hi^ strength, corrosion resistance, and low friction surfaces. The inner 
surface of the first upper seahng head 3030 preferably includes one or more aT>niilflr 
sealing members 3145 for seaUng the inter&ce between the first upper sealing head 
3030 and the first inner sealing mandrel 3020. The sealing members 3145 may 
comprise any number of conventional commercially available anjiular sealing 

15 members such as, for example, o-rings, polypak seals or metal spring energized seals. 
In a preferred embodiment, the sealing members 3145 comprise polypak seals 
available from Parker seals in order to optimally provide sealing for a long axial 
stroke. 

In a preferred embodiment, the first upper sealing head 3030 includes a 
20 shoulder 3150 for supporting the first upper sealing head 3030, first outer sealing 
mandrel 3040, second upper sealing head 3050, second outer sealing mandrel 3060, 
and e2q)ansion cone 3070 on the first lower sealing head 3035. The first upper 
sealing head 3030 may be coupled to the first outer sealing mandrel 3040 using any 
number of conventional conmiercially available mechanical couplings such as, for 
25 example, drillpipe connection, oilfield cotmtry tubular goods specialty type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the first 
upper sealing head 3030 is removably coupled to the first outer sealing mandrel 3040 
by a standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the first upper sealing head 3030 and the first outer isealing 
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mandrel 3040 includes one or more sealing members 3155 for fluidicly sealing the 
interface between the first upper sealing head 3030 and the first outer sealing 
mandrel 3040. The sealing members 3155 may comprise any number of conventional 
commercially available sealing members such as, for example, o-rings, polypak seals, 
5 or metal spring energized seals. In a preferred embodiment, the sealing members 
3155 comprise polypak seals available fh)m Parker Seals in order to optimally provide 
sealing for a long axial stroke. 

The first lower sealing head 3035 is coupled to the first inner sealing mandrel 
3020 and the second inner sealing mandrel 3045. The first lower sealing head 3035 

10 is also movably coupled to the inner surface of the first outer sealing mandrel 3040. 
In this manner, the first upper sealing head 3030, first outer sealing mandrel 3040» 
second upper sealing head 3050, second outer sealing mandrel 3060, and expansion 
cone 3070 reciprocate in the axial direction. The radial clearance between the outer 
surface of the first lower sealing head 3035 and the inner surface of the first outer 

15 sealing mandrel 3040 may range, for example, fi:^m about 0.0025 to 0.05 inches. In 
a preferred embodiment, the radial clearance between the outer surface of the first 
lower sealing head 3035 and the inner surface of the outer sealing mandrel 3040 
ranges fit>m about 0.005 to 0.01 inches in order to optimally provide minimal radial 
clearance. 

20 The first lower sealing head 3035 preferably comprises an flnmilAr member 

having substantially cylindrical inner and outer surfaces. The first lower sealing 
head 3035 may be fabricated firom any number of conventional commercially available 
materials such as, for example, oilfield countxy tubular goods, low aUoy steel, carbon 
steel, stainless steel or other similar high strength materials. In a prderred 

25 embodiment, the first lower sealing head 3035 is fabricated firom stainless steel in 
order to optimally provide high strength, corrosion resistance, and low friction 
surfaces. The outer surface of the first lower sealing head 3035 preferably includes 
one or more annular sealing members 3160 for sealing the interface between the first 
lower sealing head 3035 and the first outer sealing mandrel 3040. The sealing 
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members 3160 may comprise any number of conventional commercially available 
amiiilar seaiingmemberssuchas, for example, (hrings,polypak seals, or metal spring 
energized seals. In a preferred embodiment, the sealing members 3160 comprise 
polypak seals available from Parker Seals in order to optimaUy provide sealing for a 
5 long axial stroke. 

The first lower sealing head 3035 may be coupled to the first inner sealing 
mandrel 3020 using any number of conventional commercially available mechanical 
couplings such as, for example, driUpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded comiection or a 

10 standard threaded connection. In a preferred embodiment, the first lovror sealing 
head 3035 is removabfy coupled to the first inner sealingmandrel 3020 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling between 
the first lower sealing head 3035 and the first inner sealing mandrel 3020 includes 
one or more sealing members 3165 for fluididy sealing the interface between the first 

15 lower sealing head 3035 and the first inner sealing mandrel 3020. The sealing 
members 3165 may comprise any mmiber of conventional commercially available 
sealing members such as, for example, o-rings, polypak seals, or metal spring 
energized seals. In a preferred embodiment, the sealing members 3165 comprise 
polypak seals available from Parker Seals in order to optimally provide sealing for a 

20 long axial stroke length. 

The first lower sealing head 3035 may be coupled to the second iimer sealing 
mandrel 3045 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield countzy tubular goods 
specialty type threaded connection, ratchet-latch iype threaded connection or a 

25 standard threaded connection. In a preferred embodiment, the first lower sealing 
head 3035 is removably coupled to the second inner sealing mandrel 3045 by a 
standard threaded connection. In a preferred embodiment, the mechanical coupling 
between the first lower sealing head 3035 and the second umer sealing mandrel 3045 
includes one or more sealing members 3170 for fiuidicly seahng the interface between 
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the first lower sealing head 3035 and the second inner sealing mandrel 3045. The 
sealing members 3170 may comprise any nimiber of conventional commercially 
available sealing members such as, for example, o-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the sealing members 3170 comprise 
5 polypak seals available from Parker Seals in order to optimally provide sealing for a 
longadal stroke. 

The first outer sealing mandrel 3040 is coupled to the first upper sealing head 
3030 and the second upper sealing head 3050. The first outer sealing mandrel 3040 
is also movably coupled to the inner surface of the casing 3075 and the outer surface 

10 of the first lower sealing head 3035. In this manner, the first upper sealing head 
3030, first outer sealing mandrel 3040, second upper sealing head 3050, second outer 
sealing mandrel 3060, and the expansion cone 3070 reciprocate in the axial direction. 
The radial clearance between the outer surface of the first outer sealing mandrel 
3040 and the inner surface of the casing 3075 may range, for example, from about 

15 0.025 to 0.375 inches. In a preferred embodiment, the radial clearance between the 
outer surface of the first outer sealing mandrel 3040 and the inner surface of the 
casing 3075 ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 3070 during the expansion process. The radial 
clearance between the inner surface of the first outer sealing mandrel 3040 and the 

20 outer surface of the first lower sealing head 3035 may range, for example, from about 
0.005 to 0.125 inches. In a preferred embodiment, the radial clearance between the 
inner surface of the first outer sealing mandrel 3040 and the outer surface of the first 
lower sealing head 3035 ranges from about 0.005 to 0.01 inches in order to optimally 
provide minimal radial clearance. 

25 The first outer sealing mandrel 3040 preferably comprises an aimular member 

having substantially cylindrical inner and outer surfaces. The first outer sealing 
mandrel 3040 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. In a 
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preferred embodiment, the first outer sealing mandrel 3040 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, and 
low fhction surfaces. 

The first outer sealing mandrel 3040 may be coupled to the first upper sealing 
head 3030 xising any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded coimection, ratchet-latch type threaded connection or a 
standard threaded connection. In a preferred embodiment, the first outer sealing 
mandrel 3040 is removably coupled to the first upper sealinghead 3030 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling between 
the first outer sealing mandrel 3040 and the first upper sealing head 3030 includes 
one or more sealing members 3180 for sealing the interface between the first outer 
sealing mandrel 3040 and the first upper sealmg head 3030. The sealing members 
3180 may comprise any number of conventional commercially available sealing 
members such as, for example, o-rings, polypak seals or metal spring enei^ed seals. 
In a preferred embodiment, the sealing members 3180 comprise polypak seals 
available ftx>m Parker Seals in order to optimally provide seahng for a long axial 
stroke. 

The first outer sealing mandrel 3040 may be coupled to the second upper 
sealing head 3050 using any number of conventional commerciaUy available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a pr^erred embodiment, the first 
outer sealing mandrel 3040 is removably coupled to the second upper sealing head 
3050 by a standard threaded connection. In a preferred embodiment, the mechanical 
coupUng between the first outer sealing mandrel 3040 and the second upper sealing 
head 3050 includes one or more seahng members 3185 for seahng the interface 
between the first outer sealing mandrel 3040 and the second upper seahng head 3050. 
The seahng members 3186 may conq>rise any number of conventional commwcially 
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available sealing members such as, for example, o-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the sealing members 3185 comprise 
polypak seals available from Parker Seals in order to optimally provide sealing for a 
long axial stroke. 

5 The second inner sealing mandrel 3045 is coupled to the first lower sealing 

head 3035 and the second lower sealing head 3055 . The second inner sealing mandrel 
3045 preferably comprises a substantially hollow tubular member or members. The 
second inner sealing mandrel 3045 may be fabricated from any number of 
conventional conunercially available materials such as, for example, oilfield country 

10 tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. In a preferred embodiment, the second inner sealing mandrel 
3045 is fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The second inner sealing mandrel 3045 may be coupled to the first lower 

15 sealing head 3035 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield cormtry 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
second inner sealing mandrel 3045 is removably coupled to the first lower sealing 

20 head 3035 by a standard threaded connection. The second inner sealing mandrel 
3045 may be coupled to the second lower sealing head 3055 using any number of 
conventional commercial^ available mechanical couplings such as, for example, 
drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, ratchet-latch type coimection, or a standard threaded connection. In a 

25 preferred embodiment, the second inner sealing mandrel 3045 is removably coupled 
to the second lower sealing head 3055 by a standard threaded connection. 

The second inner sealing mandrel 3045 preferably includes a fluid passage 
3100 that is adapted to convey fluidic materials firom the fluid passage 3095 into the 
fluid passage 3105. In a preferred embodiment, the fluid passage 3100 is adajpted to 
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convey fluidic materials such as, for example, cement, epoxy, water, drilling mud or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The second inner sealing mandrel 3045 further preferably includes fluid 
passages 3120 that are adapted to convey fluidic materials from the fluid passage 
3100 into the second pressure chamber 3 190 defined by the second upper sealing head 
3050, the second lower sealing head 3055, the second inner seahng mandrel 3045, and 
the second outer seaUng mandrel 3060. During operation of the apparatus 3000, 
pressurization of the second pressure chamber 3190 causes the first upper sealing 
head 3030, the first outer sealing mandrel 3040, the second upper sealmg head 3050, 
the second outer sealmg mandrel 3060, and the ejqiansion cone 3070 to move in an 
axial direction. 

The second upper sealing head 3050 is coupled to the first outer sealing 
mandrel 3040 and the second outer sealing mandrel 3060. The second upper sealing 
head 3050 is also movably coupled to the outer surface of the second inner sealing 
mandrel 3045 and the inner surface of the casing 3075. In this manner, the second 
upper sealing head 3050 reciprocates in the axial direction. The radial clearance 
between the mner cylindrical sxirface of the second upper sealing head 3050 and the 
outer surface of the second iimer sealing mandrel 3045 may range, for example, from 
about 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance between 
the inner cylindrical surfece of the second upper sealing head 3050 and the outer 
surface of the second inner sealing mandrel 3045 ranges from about 0.005 to 0.01 
inches in order to optimally provide minimal radial clearance. The radial clearance 
between the outer cylindrical surface of the second upper sealing head 3050 and the 
inner surface of the casing 3075 may range, for example, from about 0.025 to 0.375 
inches. In a preferred embodiment, the radial clearance between the outer cylindrical 
surface of the second upper sealing head 3050 and the inner surface of the casing 
3075 ranges from about 0.025 to 0.125 inches in order to optimaUy provide 
stabilization for the expansion cone 3070 during the expansion process. 
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The second upper sealing head 3050 preferably comprises an anTmlar member 
having substantially cylindrical inner and outer surfaces. The second upper sealing 
head 3050 may be fabricated from any nimiber of conventional commercially available 
materials such as, for example, oiliield coimtry tubular goods, low alloy steel, carbon 
5 steel, stainless steel or other similar high strength nmterials. In a preferred 
embodiment, the second upper sealing head 3050 is fabricated from stainless steel in 
order to optimally provide high strength, corrosion resistance, and low friction 
surfaces. The inner surface of the second upper sealing head 3050 preferably includes 
one or more annular sealing members 3195 for sealing the interface between the 

10 second upper sealing head 3050 and the second inner sealing mandrel 3045. The 
sealing members 3195 may comprise any number of conventional conunerdally 
available annular sealing members such as, for example, o-rings, poiypak seals or 
metal spring energized seals. In a preferred embodiment, the sealing members 3195 
comprise poiypak seals available from Parker Seals in order to optimally provide 

15 sealing for a long axial stroke. 

In a preferred embodiment, the second upper sealing head 3050 includes a 
shoulder 3200 for supporting the first upper seaUng head 3030, first outer sealing 
mandrel 3040, second upper sealing head 3050, second outer sealing mandrel 3060, 
and expansion cone 3070 on the second lower sealing head 3055. 

20 The second upper sealing head 3050 may be coupled to the first outer sealing 

mandrel 3040 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection, or a 
'Standard threaded connection. In a preferred embodiment, the second upper sealing 

25 head 3050 is removably coupled to the first outer sealing mandrel 3040 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling between 
the second upper sealing head 3050 and the first outer sealing mandrel 3040 includes 
one or more sealing members 3185 for fluidicly sealing the interface between the 
second upper sealing head 3050 and the first outer sealing mandrel 3040. The second 
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upper sealing head 3050 may be coupled to the second outer sealing mandrel 3060 
using any number of conventional commercially available mechanical couplings such 
as, for example, drillpipe connection, oilfield country tubular goods specialty type 
threaded connection, ratchet-latch type threaded connection, or a standard threaded 
connection. In a preferred embodiment, the second upper sealing head 3050 is 
removably coupled to the second outer sealing mandrel 3060 by a standard threaded 
connection. In a preferred embodunent, the mechanical couplingbetween the second 
upper sealing head 3050 and the second outer sealing mandrel 3060 includes one or 
more sealing members 3205 for fluidicfy sealing the interface between the second 
upper sealing head 3050 and the second outer sealing mandrel 3060. 

The second lower sealing head 3055 is coupled to the second inner sealing 
mandrel 3045 and the load mandrel 3065. The second lower sealing head 3055 is also 
movably coupled to the inner suiface of the second outer sealing mandrel 3060. In 
this manner, the first upper sealing head 3030, first outer sealing mandrel 3040, 
second upper sealing mandrel 3050, second outer sealmg mandrel 3060, and 
expansion cone 3070 reciprocate in the axial direction. The radial clearance between 
the outer surface of the second lower sealing head 3055 and the inner surface of the 
second outer sealingmandrel 3060 may range, for example, from about 0.0025 to 0.05 
inches. In a preferred embodiment, the radial clearance between the outer surface 
of the second lower sealing head 3055 and the inner surface of the second outer 
sealing mandrel 3060 ranges from about 0.005 to 0.01 inches in order to optimally 
provide minimal radial clearance. 

The second lower sealing head 3055 preferably comprises an ^nmilfiy member 
having substantially cylindrical inner and outer surfaces. The second lower sealing 
head 3055 may be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield coxmtry tubular goods, low alloy steel, carbon 
steel, stainless steel, or other similar high strength materials. In a preferred 
embodiment, the second lower sealing head 3055 is fabricated from stainless steel in 
order to optimally provide high strength, corrosion resistance, and low friction 
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surfaces. The outer surface of the second lower sealing head 3055 preferably includes 
one or more annular sealing members 3210 for sealing the interface between the 
second lower sealing head 3055 and the second outer sealing mandrel 3060. The 
sealing members 3210 may comprise any number of conventional commercially 
5 available annular sealing members such as, for example, o-rings, polypak seals, or 
metal spring energized seals. In a preferred embodiment, the sealing members 32 10 
comprise polypak seals available from Parker Seals in order to optimally provide 
sealing for long axial strokes. 

The second lower sealing head 3055 may be coupled to the second inner sealing 

10 mandrel 3045 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular goods 
specialtytypethreadedconnection,orastandard threaded connection. Inapreferred 
embodiment, the second lower sealing head 3055 is removably coupled to the second 
inner sealing mandrel 3045 by a standard threaded connection. In a preferred 

15 embodiment, the mechanical coupling between the lower sealing head 3055 and the 
second inner sealing mandrel 3045 includes one or more sealing members 3215 for 
fluidicly sealing the interface between the second lower sealing head 3055 and the 
second inner sealing mandrel 3045. The sealing members 3215 may comprise any 
number of conventional commercially available sealing members such as, for 

20 example, o*rings, polypak seals or metal spring mergized seals. In a preferred 
embodiment, the sealingn^embers 32 15 comprise polypak seals available firom Parker 
Seals in order to optimally provide sealing for long axial strokes. 

The second lower sealing head 3055 may be coupled to the load mandrel 3065 
using any number of conventional commercially available mechanical couplings such 

25 as, for example, drillpipe connection, oilfield coxmtry tubudar goods specialty type 
threaded connection, or a standard threaded connection. In a preferred embodiment, 
the second lower sealing head 3055 is removably coupled to the load mandrel 3065 by 
a standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the second lower sealing head 3055 and the load mandrd 3065 
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includes one or more sealingmembers 3220 for fluidicly sealing the interface between 
the second lower sealing head 3056 and the load mandrel 3065. The sealing members 
3220 may comprise any number of conventional commercially available sealing 
members such as, for example, o-rings, polypak seals or metal spring energized seals. 
5 In a preferred embodiment, the sealing members 3220 comprise polypak seals 
available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

In a preferred embodiment, the second lower sealing head 3055 includes a 
throat passage 3225 fluidicly coupled between the fluid passages 3100 and 3106. The 

10 throat passage 3225 is prrferably of reduced size and is adapted to receive and engage 
with a plug 3230, or other similar device. In this maimer, the fluid passage 3100 is 
fluidicly isolated from the fluid passage 3105. In this manner, the pressure chambers 
3175 and 3190 are pressurized. Furthermore, the placement of the plug 3230 in the 
throat passage 3225 also pressurizes the pressure chambers 3130 of the hydraulic 

15 slips 3025. 

The second outer sealing mandrel 3060 is coupled to the second upper sealing 
head 3050 and the expansion cone 3070. The second outer sealing mandrel 3060 is 
also movably coupled to the inner surface of the casing 3075 and the outer surface of 
the second lower sealing head 3055. In this manner, the first upper sealing head 

20 3030, first outer sealing mandrel 3040, second upper sealing head 3050, second outer 
sealing mandrel 3060, and the e^q^ansion cone 3070 recq>rocate m the axial direction. 
The radial clearance between the outer surface of the second outer sealing mandrel 
3060 and the inner surface of the casing 3075 may range, for example, from about 
0.025 to 0.375 inches. In a preferred embodiment, the radial clearance between the 

25 outer surface of the second outer sealing mandrel 3060 and the inner surface of the 
casing 3075 ranges from about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 3070 during the expansion process. The radial 
clearance between the inner surface of the second outer sealing mandrel 3060 and the 
outer surface of the second lower sealing head 3055 may irange, for example, firom 
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about 0.0025 to 0.05 inches. In a preferred embodiment, the radial clearance between 
the inner surface of the second outer sealing mandrel 3060 and the outer surface of 
the second lower sealing head 3055 ranges from about 0.005 to 0.01 inches in order 
to optimally provide minimal radial clearance. 
5 The second outer sealing mandrel 3060 preferably comprises an annular 

member having substantially cylindrical inner and outer surfaces. The second outer 
sealing mandrel 3060 may be fabricated from any number of conventional 
commercially available naaterials such as, for eicample, oilfield country tubidar goods, 
low alloy steel, carbon steel, stainless steel or other similar high strength materials. 

10 In a preferred embodiment, the second outer sealing mandrel 3060 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, and 
low friction surfaces. 

The second outer sealing mandrel 3060 may be coupled to the second upper 
sealing head 3050 using any number of conventional commercially available 

15 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specially type threaded connection, or a standard threaded connection. 
In a preferred embodiment, the outer sealing mandrel 3060 is removably coupled to 
the second upper sealing head 3050 by a standard threaded connection. The second 
outer sealing mandrel 3060 may be coupled to the expansion cone 3070 using any 

20 number of conventional commercial^ available mechanical couplings such as, for 
example, drillpipe connection, oilfield country tubular goods specialty type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
second outer sealing mandrel 3060 is removably coupled to the expansion cone 3070 
by a standard threaded connection. 

25 The first upper sealing head 3030, the first lower sealing head 3035, the first 

inner sealing mandrel 3020, and the first outer sealing mandrel 3040 together define 
the first pressure chamber 3175. The second upper sealing head 3050, the second 
lower sealing head 3055, the second inner sealing mandrel 3045, and the second outer 
sealing mandrel 3060 together define the second pressure chamber 3190. The first 
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and second pressure chambers, 3175 and 3190, are fluidicly coupled to the passages, 
3095 and 3100, via one or more passages, 3115 and 3120. During operation of the 
apparatus 3000, the plug 3230 engages with the throat passage 3225 to flmdicly 
isolate the fluid passage 3100 firom the fluid passage 3105. The pressure chambers, 
5 3175 and 3190, are then pressurized which in turn causes the first upper sealing head 
3030, the first outer sealing mandrel 3040, the second upper sealing head 3050, the 
second outer sealing mandrel 3060, and e^jansion cone 3070 to reciprocate in the 
axial direction. The axial motion of the expansion cone 3070 in turn expands the 
casing 3075 in the radial direction. The use of a pliurality of pressure chambers, 3 175 
10 and 3190, effectively multiplies the available driving force for the expansion cone 
3070. 

The load mandrel 3065 is coupled to the second lower sealing head 3055. The 
load mandrel 3065 preferably comprises an annular member having substantially 
cylindrical inner and outer surfaces. The load mandrel 3065 may be fabricated from 

15 any munber of conventional conmiercially available materials such as, for example, 
oilfield coimtry tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the load mandrel 3065 
is fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

20 The load noandrel 3065 may be coupled to the lower sealing head 3055 using 

any niunber of conventional conmiercially available mechanical couplings such as, for 
example, epoxy, cement, water, drilling mud, or lubricants. In a preferred 
embodiment, the load mandrel 3065 is removably coupled to the lower sealing head 
3055 by a standard threaded connection. 

25 The load mandrel 3065 preferably includes a fluid passage 3105 that is adapted 

to convey fluidic materials from the fluid passage 3100 to the region outside of the 
apparatus 3000. In a preferred embodiment, the fluid passage 3105 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling mud or 
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lubricants at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute. 

The expansion cone 3070 is coupled to the second outer sealing mandrel 3060. 
The expansion cone 3070 is also movably coupled to the inner surface of the casing 

5 3075. In this manner, the first upper sealing head 3030, first outer sealing mandrel 
3040» second upper sealing head 3050, second outer sealing mandrel 3060, and the 
expansion cone 3070 reciprocate in the axial direction. The reciprocation of the 
expansion cone 3070 causes the casing 3075 to expand in the radial direction. 

The expansion cone 3070 preferably comprises an annular member having 

10 substantially cylindrical inner and conical outer surfaces. The outside radius of the 
outside conical surface may range, for example, from about 2 to 34 inches. In a 
preferred embodiment, the outside radius of the outside conical surface ranges from 
about 3 to 28 inches in order to optimally provide an expansion cone 3070 for 
expanding typical casings. The axial length of the expansion cone 3070 may range, 

15 for example, from about 2 to 8 times the maximum outer diameter of the expansion 
cone 3070. In a preferred embodiment, the axial length of the es^ansion cone 3070 
ranges from about 3 to 5 times the T p^Yimnm outer diameter of the expansion cone 
3070 in order to optimally provide stabilization and centralization of the expansion 
cone 3070 during the expansion process. In a particularly preferred embodiment, the 

20 TTiflYiTTniTn outside diameter of the expansion cone 3070 is between about 95 to 99 % 
of the inside diameter of the existing wellbore that the casing 3075 will be joined 
with In a preferred embodiment, the angle of attack of the expansion cone 3070 
ranges &om about 5 to 30 degrees in order to optimally balance the frictional forces 
with the radial expansion forces. 

25 The €^)ansion cone 3070 may be fabricated from any number of conventional 

commercially available materials such as, for example, machine tool steel, nitride 
steel, titanium, tungsten carbide, ceramics, or other similar hi^ strength materials. 
In a preferred embodiment, the expansion cone 3070 is fabricated fit>m D2 machine 
tool steel in order to optimally proyide high strength and resistance to wear and 
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galling. In a particularly preferred embodiment, the outside surface of the expansion 
cone 3070 has a surface hardness ranging from about 58 to 62 Rockwell C in order 
to optimaUy provide high strength and resistance to wear and galling. 

The expansion cone 3070 may be coupled to the second outside sealing mandrel 
5 3060 using any ntunber of conventional conmierdally available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods specialty 
type threaded connection, ratchet-latch type connection or a standard threaded 
connection. In a preferred embodiment, the expansion cone 3070 is coupled to the 
second outside sealing mandrel 3060 using a standard threaded connection in order 

10 to optimally provide high strength amd easy disassembly. 

The casing 3075 is removably coupled to the slips 3025 and the expansion cone 
3070. The casing 3075 preferably comprises a tubular member. The casing 3075 nmy 
be fabricated from any number of conventional commercially available materials such 
as, for example, slotted tubxilars, oilfield country tubular goods, carbon steel, low 

15 alloy steel, stainless steel, or other similar high strength materials. In a preferred 
embodiment, the casing 3075 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel mills in order to optimally provide 
high strength. 

In a preferred embodiment, the upper end 3235 of the casing 3075 includes a 
20 thin wall section 3240 and an outer ^nn nlftr sealing member 3245. In a preferred 
embodiment, the wall thickness of the thin wall section 3240 is about 50 to 100 % of 
the regular wall thickness of the casing 3075. In this maimer, the upper end 3235 of 
the casing 3075 may be easily radially expanded and deformed into intimate contact 
with the lower end of an existing section of wellbore casing. In a preferred 
25 embodiment, the lower end of the existing section of casing also includes a thin wall 
section. In this manner, the radial expansion of the thin walled section 3240 of 
casing 3075 into the thin walled section of the existing wellbore casing results in a 
wellbore casing having a substantially constant inside diameter. 
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The annular sealing member 3245 may be fabricated from any number of 
conventional commercially available sealing materials such as, for example, eposy, 
rubber, metal or plastic. In a preferred embodiment, the annular sealing member 
3245 is fabricated from StrataLock epoxy in order to optimally provide 
5 compressibility and wear resistance. The outside diameter of the aTiTmlar sealing 
member 3245 preferably ranges from about 70 to 95 % of the inside diameter of the 
lower section of the wellbore casing that the casing 3075 is joined to. In this manner, 
after radial expansion, the annular sealing member 3245 optimally provides a fluidic 
seal and also preferably optimally provides sufficient fidctional force with the isLside 

10 surface of the existing section of wellbore casing during the radial expansion of the 
casing 3075 to support the casing 3075. 

In a preferred embodiment, the lower end 3250 of the casing 3075 includes a 
thin wall section 3255 and an outer aimular sealing member 3260. In a preferred 
embodiment, the wall thickness of the thin wall section 3255 is about 50 to 100 % of 

15 the regular wall thickness of the casing 3075. In this manner, the lower end 3250 of 
the casing 3075 may be easily expanded and deformed. Furthermore, in this manner, 
an other section of casing may be easily joined with the lower end 3250 of the casing 
3075 using a radial expansion process. In a preferred embodiment, the upper end of 
the other section of casing also includes a thin wall section. In this manner, the 

20 radial expansion of the thin ¥^ed section of the upper end of the other casing into 
the thin walled section 3255 of the low^ end 3250 of the casing 3075 results in a 
wellbore casing having a substantially constant mside diameter. 

The upper annular sealmg member 3245 may be fabricated from any number 
of conventional commercially available sealing materials such as, for example, epoxy, 

25 rubber, metal or plastic. In a preferred embodiment, the upper annular sealing 
member 3245 is fabricated from Stratalock epoxy in order to optimally provide 
compressibility and resistance to wear. The outside diameter of the upper annular 
sealing member 3245 preferably ranges fixim about 70 to 95 % of the inside diameter 
of the lower section of the existing wellbore casing that the casing 3075 is joined to. 
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In this manner, after radial expansion, the upper annular sealing member 3245 
preferably provides a fluidic seal and also preferably provides sufficient frictional 
force with the inside wall of the wellbore during the radial expansion of the casing 
3075 to support the casing 3075. 
5 The lower annular sealing member 3260 may be fabricated from any number 

of conventional commercially available sealing materials such as, for example, epoxy, 
rubber, metal or plastic. In a preferred embodiment, the lower annnTgr sealing 
member 3260 is fabricated from StrataLock epoxy in order to optimally provide 
compressibiUty and resistance to wear. The outside diameter of the lower flnmil^r 

10 sealingmember 3260 preferably ranges fix>m about 70 to 95 % of the inside diameter 
of the lower section of the existing wellbore casmg that the casing 3075 is joined to. 
In this manner, the lower annular waling member 3260 preferably provides a flmdic 
seal and also preferably provides sufi5cient frictional force with the inside wall of the 
wellbore during the radial expansion of the casing 3075 to support the casing 3075. 

15 During operation, the apparatus 3000 is preferably positioned in a wellbore 

with the upper end 3235 of the casing 3075 positioned in an overlapping relationship 
with the lower end of an existing wellbore casing. In a particularly preferred 
embodiment, the thin wall section 3240 of the casing 3075 is positioned in opposing 
overlapping relation with the thin wall section and outer ftmnilar sealing member of 

20 the lower end of the existing section of wellbore casing. In this manner, the radial 
expansion of the casing 3075 will compress the thin wall sections and atinnlfir 
compressible members of the upper end 3235 of the casing 3075 and the lower end of 
the e x i s ti n g wellbore casing into intimate contact. During the positioning of the 
apparatus 3000 in the wellbore, the casing 3000 is preferably supported by the 

25 expansion cone 3070. 

After i)ositioning the apparatus 3000, a first fluidic material is then pumped 
into the fluid passage 3080. The first fluidic material may comprise any munber of 
conventional commercially available materials such as, for example, driUing mud, 
water, epojcy, cement, slag mix or lubricants. In a preferred embodiment, the first 
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fluidic material comprises a faardenable fluidic sealing material such as, for example, 
cement, epoxy, or slag mix in order to optimally provide a hardenable outer anmilar 
body aroimd the expanded casing 3075. 

The first fluidic material may be pumped into the fluid passage 3080 at 
5 operating pressures and flow rates ranging, for example, from about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. In a preferred embodiment, the first fluidic material 
is pumped into the fluid passage 3080 at operating pressures and flow rates ranging 
from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order to optimally provide 
operating efficiency. 

10 The first fluidic material pumped into the fluid passage 3080 passes throu^ 

the fluid passages 3085, 3090, 3095, 3100, and 3105 and then outside of the apparatus 
3000. The first fluidic material then preferably fills the annular region between the 
outside of the apparatus 3000 and the interior walls of the wellbore. 

The plug 3230 is then introduced into the fluid passage 3080. The plug 3230 

15 lodges in the throat passage 3225 and fluidicly isolates and blocks off the fluid 
passage 3100. In a preferred embodiment, a couple of volumes of a non-hazdenable 
fluidic material are then pumped into the fluid passage 3080 in order to remove any 
hardenable fluidic material contained within and to ensure that none of the fluid 
passages are blocked. 

20 A second fluidic material is then pumped into the fluid passage 3080. The 

second fluidic material may comprise any number of conventional conmiercially 
available materials such as, for example, water, drilling gases, drilling mud or 
lubricant. In a preferred embodiment, the second fluidic material comprises a non- 
hardenable fluidic material such as, for example, water, drilling mud, drilling gases, 

25 or lubricant in order to optimally provide pressurization of the pressure chambers 
3175 and 3190. 

The second fluidic material may be pumped into the fluid passage 3080 at 
operating pressures and flow rates ranging, for example, firom about 0 to 4,500 psi 
and 0 to 4,500 gallons/minute. In a preferred embodiment, the second fluidic 
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material is pumped into the fluid passage 3080 at operating pressures and flow rates 

ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order to optimally 

provide operational efifidency. 

The second fluidic material pumped into the fluid passage 3080 passes through 
5 the fluid passages 3085, 3090, 3095, 3100 and into the pressure chambers 3 130 of the 

slips 3025, and into the pressure chambers 31 75 and 3190. Continued pumping of the 

second fluidic material pressurizes the pressure chambers 3130, 3175, and 3190. 
The pressurization of the pressure chambers 3130 causes the hydraulic slip 

members 3140 to expand in the radial direction and grip the interior surface of the 
0 casing 3075. The casmg 3075 is then preferably maintained in a substantially 

stationary position. 

The pressurization of the pressure chambers 3175 and 3190 cause the first 

upper sealing head 3030, first outer sealing mandrel 3040, second upper sealing head 

3050, second outer sealing mandrel 3060, and expansion cone 3070 to move in an 
5 axial dnredion relative to the casmg 3075. In this manner, the expansion cone 3070 

will cause the casing 3075 to expand in the radial direction, beginning with the lower 

end 3250 of the casing 3075. 

During the radial e^)ansion process, the casing 3075 is prevented from moving 

in an upward direction by the sUps 3025. A length of the casing 3075 is then 
0 expanded in the radial direction through the pressurization ofthe pressure chambers 

3175 and 3190. The length ofthe casing 3075 that is expended during the expansion 

process will be proportional to the stroke length ofthe first upper sealing head 3030, 

first outer sealingmandrel 3040, second upper sealing head 3050, and eaqiansion cone 

3070. 

5 Upon the completion of a stroke, the operating pressure of the second fluidic 

material is reduced and the first upper sealing head 3030, first outer sealing mandrel 
3040, second upper sealing head 3050, second outer sealing mandrel 3060, and 
expansion cone 3070 drop to their rest positions with the casmg 3075 supported by 
the expansion cone 3070. The reduction in the operating pressure of the second 
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fluidic material also causes the spring bias 3135 of the slips 3025 to pull the slip 
members 3140 away from the inside walls of the casing 3075. 

The position of the drillpipe 3075 is preferably adjusted throughout the radial 
expansion process in order to maintain the overlapping relationship between the thin 

5 walled sections of the lower end of the existing wellbore casing and the upper end of 
the casing 3235. In a preferred embodiment, the stroking of the expansion cone 3070 
is then repeated, as necessary, until the thin walled section 3240 of the xxpper end 
3235 of the casiog 3075 is expanded into the thin walled section of the lower end of 
the existing wellbore casing. In this manner, a wellbore casing is formed including 

10 two adjacent sections of casing having a substantially constant inside diameter. This 
process may then be repeated for the entirety of the wellbore to provide a wellbore 
casing thousands of feet in length having a substantially constant inside diameter. 

In a preferred embodiment, during the final stroke of the expansion cone 3070, 
the slips 3025 are positioned as close as possible to the thin walled section 3240 of the 

15 upper end 3235 of the casing 3075 in order minimize slippage between the casing 
3075 and the existing wellbore casing at the end of the radial expansion process. 
Alternatively, or in addition, the outside diameter of the upper annular sealing 
member 3245 is selected to ensure sufficient interference fit with the inside diameter 
of the lower end of the existing casing to prevent axial displacement of the casing 

20 3075 during the final stroke. Alternatively, or in addition, the outside diameter of the 
lower annular sealing member 3260 is selected to provide an interference fit with the 
inside walls of the wellbore at an earlier point in the radial expansion process so as 
to prevent further axial displacement of the casing 3075. In this final alternative, the 
interference fit is preferably selected to permit expansion of the casing 3075 by 

25 pulling the expansion cone 3070 out of the wellbore, without having to pressurize the 
pressure chambers 3175 and 3190. 

Diuring the radial expansion process, the pressurized areas of the apparatus 
3000 are preferably limited to the fluid passages 3080, 3085, 3090, 3095, 3100, 3110, 
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3116, 3120, the pressure chambers 3130 within the sUps 3025, and the pressure 
chambers 3175 and 3190. No fluid pressure acts directly on the casing 3075. This 
permits the use of operating pressures higher than the casing 3075 could normaUy 
withstand. 

5 Once the casing 3075 has been completely expanded off of the expansion cone 

3070, the remaining portions of the apparatus 3000 are removed from the wellbore. 
In a preferred embodiment, the contact pressure between the deformed thin waU 
sections and compressible annular members of the lower end of the existing casing 
and the upper end 3235 of the casing 3075 ranges from about 400 to 10,000 psi in 
10 order to optimally support the casing 3075 using the existing wellbore casing. 

In this manner, the casing 3075 is radially expanded into contact with an 

existing section of casingby pressurizing the interiorfluid passages 3088, 3085. 3090, 
3095, 3100, 3110, 3116, and 3120, the pressure chambers 3130 of the sUps 3025 and 
the pressure cfaambrars 3175 and 3190 of the apparatus 3000. 
15 In a preferred embodiment, as required, the annular body of hardenable fluidic 

material is then allowed to cure to form a rigid outer annular body about the 
expanded casing 3075., In the case where the casing 3075 is slotted, the cured fluidic 
material preferably permeates and envelops the expanded casing 3075 . The resutting 
new section of wellbore casing includes the escpanded casing 3075 and the rigid outer 
annular body. Theoverlappingjointbetweenthepre-existingwellbore casingandthe 
expanded casing 3075 includes the deformed thm wall sections and the compressible 
outer aimular bodies. The inner diameter of the resulting combined wellbore casings 
is substantially constant In this manner, a mono-diamet^ wellbore casing is 
formed. This process of e:q)anding overlapping tubtilar members having thin wall 
25 end portions with compressible annular bodies into contact can be repeated for the 
^tire lei^rth of a wellbore. In this manner, a mono-diameter wellbore i^eipg can be 
provided for thousands of feet in a subterranean formation. 

In a preferred embodiment, as the expansion cone 3070 nears the upper end 
3235 of the casing 3075, the operating flow rate of the second fluidic material is 
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reduced in order to mininuze shock to the apparatus 3000. In an alternative 
embodiment, the apparatus 3000 includes a shock absorber for absorbing the shock 
created by the completion of the radial mansion of the casing 3075. 

In a preferred embodiment, the reduced operating pressure of the second 
5 fluidic material ranges from about 100 to 1,000 psi as the expansion cone 3070 nears 
the end of the casing 3075 in order to optimally provide reduced axial movement and 
velodiy of the expansion cone 3070. In a preferred embodiment, the operating 
pressure of the second fluidic material is reduced during the return stroke of the 
apparatus 3000 to the range of about 0 to 500 psi in order minimize the resistance to 
10 the movement of the expansion cone 3070 during the return stroke. In a preferred 
embodiment, the stroke length of the apparatus 3000 ranges from about 10 to 45 feet 
in order to optimal^ provide equipment that can be easily handled by iypical oil well 
rigging equipment and also minimize the frequency at which the apparatus 3000 
must be re-stroked. 

15 In an alternative embodiment, at least a portion of one or both of the upper 

sealing heads, 3030 and 3050, includes an expansion cone for radially expanding the 
casing 3075 during operation of the apparatus 3000 in order to increase the surface 
area of the casing 3075 acted upon during the radial expansion process. In this 
manner, the operating pressures can be reduced. 

20 Alternatively, the c^paratus 3000 may be used to join a first section of pipeline 

to an existing section of pipeline. Alternatively, the apparatus 3000 may be used to 
directiy line the interior of a wellbore with a casing, without the use of an outer 
annular layer of a hardenable material. Alternatively, the ^paratus 3000 may be 
used to eiq>and a tubular support member in a hole. 

25 Referring now to Figiore 21, an apparatus 3330 for isolating subterranean 

zones will be described, A wellbore 3305 including a casing 3310 are positioned in a 
subterranean formation 3315. The subterranean formation 3315 includes a number 
of productive and non-productive zones, including a water zone 3320 and a targeted 
oil sand zone 3325. During exploration of the subterranean formation 3315, the 
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wellbore 3305 may be extended in a well known manner to traverse the various 
productive and non-productive zones, including the water zone 3320 and the targeted 
oil sand zone 3325. 

In a preferred embodiment, in order to fluidicly isolate the water zone 3320 
5 from the targeted oil sand zone 3325, an apparatus 3330 is provided that includes one 
or more sections of solid casing 3335, one or more external seals 3340, one or more 
sections of slotted casing 3345, one or more intermediate sections of solid casing 3350, 
and a solid shoe 3355. 

The solid casing 3335 may provide a fluid conduit that transmits fluids and 

10 other materials from one end of the solid casing 3335 to the other end of the solid 
casing 3335. The solid casing 3335 may comprise any number of conventional 
commercially available sections of solid tubular casing such as, for example, oUiield 
tubulars fabricated from chromium steel or fiberglass. In a preferred embodiment, 
the solid casing 3335 comprises oilfield tubulars available from various foreign and 

15 domestic steel mills. 

The solid casing 3335 is preferably coupled to the casing 3310. The solid casing 
3335 may be coupled to the casing 3310 using any number of conventional 
commercially available processes such as, for example, welding, slotted and 
expandable connectors, or expandable solid connectors. In a preferred embodiment, 

20 the solid casing 3335 is cx)upled to the casing 3310 by using expandable solid 
coimectors. The solid casing 3335 may comprise a pluraliiy of such soUd casings 
3335. 

The solid casing 3335 is preferabfy coupled to one more of the slotted casings 
3345. The solid casing 3335 may be coupled to the slotted casing 3345 using any 
25 number of conventional commercially available processes such as, for example, 
welding, or slotted and expandable connectors. In a preferred embodiment, the solid 
casing 3335 is coupled to the slotted casing 3345 by expandable solid connectors. 

In a preferred embodiment, the casing 3335 includes one more valve members 
3360 for controlling the flow of fluids and other materials within the interior region 
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of the casing 3335. In an alternative embodiment, during the production mode of 
operation, an internal tubular string with various arrangements of packers, 
perforated tubing, sliding sleeves, and valves may be employed within the apparatus 
to provide various options for commingling and isolating subterranean zones from 
5 each other while providing a fluid path to the surface. 

In a particularly preferred embodiment, the casing 3335 is placed into the 
wellbore 3305 by e3q)anding the casing 3335 in the radial direction into intimate 
contact with the interior walls of the wellbore 3305. The casing 3335 may be 
escpanded in the radial direction using any number of conventional conmiercially 
10 available methods. In a preferred embodiment, the casing 3335 is expanded in the 
radial direction using one or more of the processes and apparatus described within 
the present disclosure. 

The seals 3340 prevent the passage of fluids and other materials within the 
annular region 3365 between the solid casings 3335 and 3350 and the wellbore 3305. 
15 The seals 3340 may comprise any number of conventional commercially available 
sealing materials suitable for sealing a casing in a wellbore such as, for example, lead, 
rubber or epoxy . In a preferred embodiment, the seals 3340 comprise Stratalok epoxy 
material available from Halliburton Energy Services. 

The slotted casing 3345 perniitsfltuds and othermaterials to pass into and out 
20 of the interior of the slotted casing 3345 from and to the annular r^on 3365. In this 
manner, oil and gas may be produced from a producing subterranean zone within a 
subterranean formation. The slotted casing 3345 may comprise any number of 
conventional commercially available sections of slotted tubular casing. In a preferred 
embodiment, the slotted casing 3345 comprises expandable slotted txibular casing 
25 available from Petroline in Abeerdeen, Scotland. In a particularly preferred 
embodiment, the slotted casing 145 comprises expandable slotted sandscreen tubular 
casing available from Petroline in Abeerdeen, Scotland. 

The slotted casing 3345 is preferably coupled to one or more solid casing 3335. 
The slotted casing 3345 may be coupled to the soUd casing 3335 using any niunber 
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of conventional commCTciaBy available processes such as, for example, welding, or 
slotted or solid expandable connectors. In a preferred embodiment, the slotted 
casing 3345 is coupled to the solid casing 3335 by expandable solid connectors. 

The slotted casing 3345 is preferably coupled to one or more intermediate soUd 
5 casings3350. The slotted casing 3345 may be coupled to the intermediate soUd casing 
3350 using any number of conventional commercially available processes such as, for 
example, welding or expandable solid or slotted connectors. In a preferred 
embodiment, the slotted casing 3345 is coupled to the intermediate solid casing 3350 
by expandable solid connectors. 

10 The last section of slotted casing 3345 is preferably coupled to the shoe 3355. 

The last slotted casing 3345 may be coupled to the shoe 3365 using any number of 
conventional commerdaUy available processes such as, for example, welding or 
expandable solid or slotted connectors. In a preferred embodiment, the last slotted 
casing 3345 is coupled to the shoe 3355 by an expandable solid connector. 

15 In an alternative embodiment, the shoe 3355 is coupled directly to the last one 

of the intermediate solid casings 3350. 

In a preferred embodiment, the slotted casings 3345 are positioned within the 
wellbore 3305 by expanding the slotted casings 3345 in a radial direction into 
intimate contact with the interior walls of the wellbore 3305. The slotted casings 

20 3345 may be expanded in a radial direction using any number of conventional 
commercially available processes. In a preferred embodunent, the slotted 
3345 are esqianded in the radial direction using one or more of the processes and 
apparatus disclosed in the present disclosure with reference to Figures 14a-20. 

The intermediate solid casing 3350 permits fluids and other materials to pass 

25 between adjacent slotted casings 3345. The intermediate solid casing 3350 may 
comprise any number of conventional commercially available sections of solid tubular 
casing such as, for example, oilfield tubulars fabricated from chromium steel or 
fiberglass. In a preferred embodiment, the intermediate solid casing 3350 comprises 
oilfield tubulars available from foreign and domestic steel mills. 
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The intermediate solid casing 3350 is preferably coupled to one or more 
sections of the slotted casing 3345. The intermediate solid casing 3350 may be 
coupled to the slotted casing 3345 using any number of conventional commercially 
available processes such as, for example, welding, or solid or slotted expandable 
5 coimectors. In a preferred embodiment, the intermediate solid casing 3350 is coupled 
to the slotted casing 3345 by expandable solid connectors. The intermediate solid 
casing 3350 may comprise a plurality of such intemediate solid casing 3350. 

In a preferred embodhnent, each intermediate solid casing 3350 inchides one 
more valve members 3370 for controlling the flow of fluids and other materials within 
10 the interior region of the intermediate casing 3350. In an alternative embodiment, 
as will be recognized by persons having ordinary skill in the art and the benefit of the 
present disclosure, during the production mode of operation, an internal tubular 
string with various arrangements of packers, perforated tubing, sUding sleeves, and 
valves may be employed within the apparatus to provide various options for 
15 commingling and isolating subterranean zones from each other while providing a 
fluid path to the surface. 

In aparticularly preferred embodiment, the intermediate casing 3350 is placed 
into the wellbore 3305 by expanding the intermediate casmg 3350 in the radial 
direction into intimate contact with the interior walls of the wellbore 3305. The 
20 intermediate casing 3350 may be expanded in the radial direction using any number 
of conventional commercially available methods. 

In an alternative embodiment, one or more of the intermediate solid casings 
3350 may be omitted. In an alternative preferred embodiment, one or more of the 
slotted casings 3345 are provided with one or more seals 3340. 
• 25 The shoe 3355 provides a support member for the apparatus 3330. In this 

manner, various production and exploration tools may be supported by the show 
3350. The shoe 3350 may comprise any number of conventional commercially 
available shoes suitable for use in a wellbore such as, for example, cement filled shoe, 
or an aluminum or composite shoe. In a preferred embodiment, the shoe 3350 
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comprises an aluminum shoe available firom Halliburton. In a preferred embodiment, 
the shoe 3355 is selected to provide sufficient strength in compression and tension to 
permit the use of high capacity production and exploration tools. 

In a particularly preferred embodiment, the apparatus 3330 includes a 
5 plurality of solid casings 3335, a plurality of seals 3340, a plurality of slotted casings 
3345, a plxurality of intermediate solid casings 3350, and a shoe 3355. More generally, 
the apparatus 3330 may comprise one or more solid casings 3335, each with one or 
more valve members 3360, n slotted casings 3345, n-1 intermediate solid casings 
3350, each with one or more valve members 3370, and a shoe 3355. 

10 During operation of the apparatus 3330, oil and gas may be controUably 

produced from ihe targeted oil sand zone 3325 \ising the slotted casings 3345. The 
oil and gas may then be transported to a surface location using the solid casing 3335. 
The use of intermediate solid casmgs 3350 with valve members 3370 permits isolated 
sections of the zone 3325 to be selectively isolated for production. The seals 3340 

15 permit the zone 3325 to be fluidicly isolated from the zone 3320. The seals 3340 
further permits isolated sections of the zone 3325 to be fluidicly isolated from each 
other. In this maimer, the apparatus 3330 permits unwanted and/or non-productive 
subterranean zones to be fluidicly isolated. 

In an alternative embodiment, as will be recognized by persons having 

20 ordinary skill in the art and also having the benefit of the present disclosure, diu±ig 
the production mode of operation, an internal tubular string with various 
arrangements of packers, perforated tubing, sliding sleeves, and valves may be 
employed within the 2{>paratus to provide various options for commin^ing and 
isolating subterranean zones from each other while providing a fluid path to the 

25 surface. 

Referring to Figures 22a, 22b, 22c and 22d, an embodiment of an apparatus 
3500 for forming a wellbore casing while drilling a weUbore will now be described. 
In a preferred embodiment, the apparatus 3500 includes a support member 3505, a 
mandrel 3510, a mandrel launcher 3515, a shoe 3520, a tubiilar member 3525, a mud 
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motor 3530, a drill bit 3535, a first fluid passage 3540, a second fluid passage 3545, 
a pressure chamber 3550, a third fluid passage 3555, a cup seal 3560, a body of 
lubricant 3565, seals 3570, and a releasable coupling 3600. 

The support member 3505 is coupled to the mandrel 3510. The support 
5 member 3505 preferably comprises an annu lar member having sufficient strength to 
carry and support the apparatus 3500 within the wellbore 3575. In a preferred 
embodiment, the support member 3505 further includes one or more conventional 
centralizers (not illustrated) to help stabilize the apparatus 3500. 

The support member 3505 may comprise one or more sections of conventional 
10 commercially available tubular materials such as, for example, oilfield country 
tubular goods, low alloy steel, stainless steel or carbon steeL In a preferred 
embodiment, the support member 3505 comprises coiled tubing or drillpipe in order 
to optimally permit the placement of the apparatus 3500 within a non-vertical 
wellbore. 

15 In a preferred embodiment, the support member 3505 includes a first fluid 

passage 3540 for conveying fluidic materials from a surface location to the fluid 
passage 3545. In a preferred embodiment, the first fluid passage 3540 is adapted to 
convey fluidic materials such as water, drilling mud, cement, epoxy or slag mix at 
operating pressures and flow rates ranging from about 0 to 10,000 psi and 0 to 3,000 

20 gallons/miBute. 

The mandrel 3510 is coupled to and supported by the support member 3505. 
The mandrel 3510 is also coupled to and supports the mandrel lamicher 3515 and 
tubular member 3525. The mandrel 3510 is preferably adapted to controUably 
expand in a radial direction. The mandrel 3510 may comprise any number of 

25 ponventional commercially available mandrels modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the mandrel 3510 
comprises a hydraulic expansion tool as disclosed in U.S. Patent No. 5,348,095, the 
contents of which are incorporated herein by reference, modified in accordance with 
the teachings of the present disclosure. 
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In a preferred embodiment, the mandrel 3510 includes one or more conical 
sections for expanding the tubular member 3525 in the radial direction. In a 
preferred embodiment, the outer surfaces of the conical sections of the mandrel 3610 
have a surface hardness ranging from about 58 to 62 Rockwell C in order to optimally 
5 radialfy expand the tubular member 3525. 

In a preferred embodiment, the mandrel 3510 includes a second fluid passage 
3545 fliudicly coupled to the first fluid passage 3540 and the pressure chamber 3550 
for conveying fluidic materials from the first fluid passage 3540 to the pressure 
chamber 3550. In a preferred embodiment, the second fluid passage 3545 is adapted 
10 to convey fluidic materials such as water, drilling mud, cement, epo:^ or slag mix at 
operating pressures and flow rates ranging from about 0 to 12,000 psi and 0 to 3,500 
gallons/minute in order to optimally provide operating pressure for efficient 
operation. 

The mandrel launcher 3515 is coupled to the tubular member 3525, the 
15 mandrel 3510, and the shoe 3520. The mandrel launcher 3515 preferably comprises 
a tapered annular member that mates with at a portion of at least one of the conical 
portions of the outer surface of the mandrel 3510. In a preferred embodiment, the 
wall thickness of the mandrel laimcher is less than the wall thickness of the tubular 
member 3525 in order to facilitate the initiation of the radial expansion process and 
20 facilitate the placement of the apparatus in openings having tight clearances. In a 
preferred embodiment, the wall thickness of the mandrel laimcher 3515 ranges fit)m 
about 50 to 100 % of the wall thickness of the tubular member 3525 immediately 
adjacent to the mandrel launcher 3515 in order to optimally fadliate the radial 
expansion process and facilitate the insertion of the apparatus 3500 into wellbore 
25 casings and other areas with tight clearances. 

The mandrel launcher 3515 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield country 
tubular goods, low alloy steel, carbon steel or stainless steel. In a preferred 
embodiment, the mandrel laimcher 3515 is fabricated firom oilfield co\mtiy tubular 
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goods of higher strength by lower wall thickness than the tubular member 3525 in 
order to optimally provide a smaller container having ^^proximately the same biurst 
strength as the tubular member 3525. 

The shoe 3520 is coupled to the mandrel launcher 3515 and the releasable 
5 coupling 3600. The shoe 3520 preferably comprises a substantially annular member. 
In a preferred embodiment, the shoe 3520 or the releasable coupling 3600 include a 
third fluid passage 3555 fluidicly coupled to the pressure chamber 3550 and the mud 
motor 3530. 

The shoe 3520 may comprise any number of conventional commerciaUy 

10 available shoes such as, for example, cement filled, aluminiun or composite modified 
in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the shoe 3520 comprises a hi^ strength shoe having a burst strength 
approximately equal to the burst strength of the tubular member 3525 and mandrel 
launcher 3515. The shoe 3520 is preferably coupled to the mud motor 3520 by a 

15 releasable coupling 3600 in order to optimally provide for removal of the mud motor 
3530 and drill nit 3535 upon the completion of a drilling and casing operation. 

In a preferred embodiment, the shoe 3520 includes a releasable latch 
mechanism 3600 for retrieving and removing the mud motor 3530 and drill bit 3535 
upon the completion of the drilling and casing formation operations. In a preferred 

20 embodiment, the shoe 3520 fiirther includes an anti-rotation device for maintaining 
the shoe 3520 in a substantially stationary rotational position diuring operation of the 
apparatus 3500.. In a preferred embodiment, the releasable latch mechanism 3600 is 
releasabfy coupled to the shoe 3520. 

The tubxilar member 3525 is supported by and coupled to the mandrel 3510. 

25 The tubular member 3525 is expanded in the radial direction and extruded ofTof the 
mandrel 3510. The tubular member 3525 may be fabricated from any number of 
conventional commercially available materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), 13 chromium steel tubing^casing, automotive grade steel, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 3525 is 
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fabricated from OCTG in order to maziinize strength after expansion. The inner and 
outer diameters of the tubular member 3525 may range, for example, from 
approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred 
embodiment, the inner and outer diameters of the tubular member 3525 range from 
5 about 3 to 15,5 inches and 3.5 to 16 inches, respectively in order to optimally provide 
minimal telescoping effect in the most commonly drilled wellbore sizes. The tubular 
member 3525 prefet^ly comprises an i^nniilar member with solid walls. 

In a preferred embodiment, the upper end portion 3580 of the tubular member 
3525 is slotted, perforated, or otherwise modified to catch or slow down the mandrel 

10 3510 when the mandrel 3510 completes the extrasion of tubular member 3525. For 
typical tubular member 3525 materials, the length of the tubular member 3525 is 
preferably limited to between about 40 to 20,000 feet in length. The tubular member 
3525 may comprise a single tubular member or, alternatively, a plurality of tubular 
members coupled to one another. 

15 The mud motor 3530 is coupled to the shoe 3520 and the drill bit 3535. The 

mud motor 3530 is also fluidicly coupled to the fluid passage 3555. In a preferred 
embodiment, the mud motor 3530 is driven by fluidic materials such as, for example, 
drilling mud, water, cement, epoxy, lubricants or slag miY conveyed from the fluid 
passage 3555 to the mud motor 3530. In this manner, the mud motor 3530 drives the 

20 drill bit 3535. The operating pressures and flow rates for operating mud motor 3530 
may range, for example, fit)m about 0 to 12,000 psi and 0 to 10,000 gallona/minute. 
In a preferred embodiment, theoperatingpressuresandflowratesforoperatingmud 
motor 3530 range from about 0 to 5,000 psi and 40 to 3,000 gallons/minute. 

The mud motor 3530 may comprise any number of conventional commercially 

25 available mud motors, modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the size of the mud motor 3520 and drill bit 
3535 are selected to pass through the interior of the shoe 3520 and the expanded 
tubular member 3525. In this manner, the mud motor 3520 and drill bit 3535 may 
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be retrieved from the downhole location upon the conclusion of the drilling and 
casing operations. 

The drill bit 3535 is coupled to the mud motor 3530. The drill bit 3535 is 
preferably adapted to be powered by the mud motor 3530. In this manner, the drill 

5 bit 3535 drills out new sections of the wellbore 3675, 

The drill bit 3535 may comprise any number of conventional commercially 
available drill bits, modified in accordance with the teachings of the present 
disclosure. Inapreferredembodiment, the size of the mud motor 3520 and drill bit 
3535 are selected to pass through the interior of the shoe 3520 and the e^qpanded 

10 tubular member 3525. In this manner, the mud motor 3520 and drill bit 3535 may 
be retrieved from the downhole location upon the conclusion of the drilling and 
casing operations. In several alternative preferred embodiments, the drill bit 3535 
comprises an eccentric drill bit, a bi^rentered drill bit, or a small diameter drill bit 
with an hydraulically actuated under reamer. 

16 The first fluid passage 3540 permits fluidic materials to be transported to the 

second fluid passage 3545, the pressure chamber 3550, the third fluid passage 3555, 
and the mud motor 3630. The first fluid passage 3540 is coupled to and positioned 
within the support member 3505. The first fluid passage 3540 preferab^ extends 
from a position adjacent to the sur&ce to the second fluid passage 3545 within the 

20 mandrel3510. The first fluid passage 3540 is preferably positioned along acent^line 
of the apparatus 3500. 

The second fluid passage 3545 permits fluidic materials to be conveyed from 
the first fluid passage 3540 to the pressure chamber 3550, the third fhiid passage 
3555, and the mud motor 3530. The second fluid passage 3545 is coupled to and 

25 positioned within the mandrel 3510. The second fluid passage 3545 preferably 
extends from a position adjacent to the first fluid passage 3540 to the bottom of the 
mandrel 3510. The second fluid passage 3545 is preferably positioned substantially 
along the centerline of the apparatus 3500. 
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The pressure chamber 3550 permits fluidic materials to be conveyed from the 
second fluid passage 3545 to the third fluid passage 3555, and the mud motor 3530. 
The pressure chamber is preferabty defined by the region below the mandrel 3510 
and within the tubular member 3525, mandrel launcher 3515, shoe 3520, and 
5 releasable coupling 3600. During operation of the apparatus 3500, pressurization of 
the pressure chamber 3560 preferably causes the tubular member 3525 to be extruded 
off of the mandrel 3510. 

The third fluid passage 3555 permits fluidic materials to be conveyed from the 
pressure chamber 3550 to the mud motor 3530. The third fluid passage 3555 may be 
10 coupled to and positioned within the shoe 3520 or releasable coupling 3600. The 
third fluid passage 3555 preferably extends from a position adjacent to the pressure 
chamber 3550 to the bottom of the shoe 3520 or releasable coupling 3600. The third 
fluid passage 3555 is preferably positioned substantially along the centerline of the 
apparatus 3500. 

15 The fluid passages 3540, 3545, and 3555 are preferably selected to convey 

materials such as cement, drilling mud or epoxies at flow rates and pressures ranging 
from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally 
operational efGciency. 

The cup seal 3560 is coupled to and supported by the outer surface of the 

20 support member 3505. The cup seal 3560 prevents foreign materials from entering 
the interior region of the tubular member 3525. The cop seal 3560 may comprise any 
number of conventional commercially available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present disclosure. 
In a preferred embodiment, the cup seal 3560 comprises a SIP cup, available Grom 

25 Halliburton Energy Services in Dallas, TX in order to optimally block the entry of 
foreign materials and contain a body of lubricant. In a preferred embodiment, the 
apparatus 3500 includes a plurality of such cup seals in order to optimally prevent the 
entry of foreign material into the interior region of the tubular member 3525 in the 
vicinity of the mandrel 3510. 
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In a preferred embodiment, a quantity of lubricant 3565 is provided in the 
annular region above the mandrel 3510 within the interior of the tubular member 
3525. In this manner, the extrusion of the tubular member 3525 off of the mandrel 
3510 is facilitated. The lubricant 3565 may comprise any number of conventional 
5 commercially available lubricants such as, for example, Lubriplate, chlorine based 
lubricants, oil based lubricants or Climax 1500 Antisieze (3100). In a preferred 
embodiment, the lubricant 3565 comprises Climax 1500 Antisieze (3100) available 
from Climax Lubricants and Equipment Co. in Houston, TX in order to optimally 
provide optimum lubrication to faciliate the expansion process. 
10 The seals 3570 are coupled to and supported by the end portion 3580 of the 

tubular member 3525. The seals 3570 are further positioned on an outer surface of 
the end portion 3580 of the tubular member 3525. The seals 3570 permit the 
overlapping joint between the lower end portion 3585 of a preexisting section of 
casing 3590 and the end portion 3580 of the tubular member 3525 to be fluidicly 
15 sealed. The seals 3570 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon, or epoxy seals modified in 
accordance with the teachings of the present disclosure. In a preferred embodiment, 
the seals 3570 are molded from Stratalock epaxy available from HaUiburton Energy 
Services in Dallas, TX in order to optimally provide a load bearing interference fit 
20 between the end 3580 of the tubular member 3525 and the end 3585 of the pre- 
existing casing 3590. 

In a preferred embodiment, the seals 3570 are selected to optimally provide a 
sufficient factional force to support the ejqpanded tubxilar member 3525 from the pre- 
existing casing 3590, In a preferred embodiment, the frictional force optinoally 
25 provided by the seals 3570 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 3525. 

The releasable coupling 3600 is pref^ably releasably coupled to the bottom of 
the shoe 3520. In a preferred embodiment, the releasable coupling 3600 includes 
fluidic seals for sealing the interface between the releasable coupling 3600 and the 
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shoe 3520. In this maimer, the pressure diamber 3560 may be pressurized. The 
releasabie coupling 3600 may comprise any number of conventional commerciaUy 
available releasabie couplings suitable for drilling operations modified in accordance 
nvith the teachings of the pr^ent disclosure. 
5 As illustrated in Figure 22A, during operation of the apparatus 3500, the 

apparatus 3500 is preferably initially positioned within a preexisting section of a 
wellbore 3575 inchiding a preexisting section of wellbore casing 3590. In a preferred 
embodiment, the upper end portion 3680 of the tubular member 3525 is positioned 
in an overlapping relationship with the lower end 3585 of the preexisting section of 

10 casing 3590. In a preferred embodiment, the apparatus 3500 is initially positioned 
in the weUbore 3575 with the drill bit 353 in contact with the bottom of the wellbore 
3575. During the initial placement of the apparatus 3500 in the wellbore 3575, the 
tubular member 3525 is preferably supported by the mandrel 3510. 

As illustrated in Figure 22B, a fluidic material 3595 is then pumped into the 

15 first fiuid passage 3540. The fluidic material 3595 is preferably conveyed from the 
first fluid passage 3540 to the second fluid passage 3545, the pressure chamber 3550, 
the third fluid passage 3555 and the inlet to the mud motor 3530. The fluidic 
material 3595 may comprise any nvunber of conventional commercially available 
fluidic materials such as, for example, drilling mud, water, cement, epo:qr or slag mix. 

20 The fluidic material 3595 may be pumped into the first fluid passage 3540 at 
operating pressures and flow rates ranging, for example, from about 0 to 9,000 psi 
and 0 to 3,000 gallons^ninute. 

The fluidic material 3595 will enter the inlet for the mud motor 3530 and drive 
the mud motor 3530. The fluidic material 3595 will then exit the mud motor 3530 

25 and enter the annular region surrounding the apparatus 3600 within the wellbore 
3575. The mud motor 3530 wiUm turn drive the drill bit 3635. The operation of the 
drill bit 3535 will drill out a new section of the wellbore 3675. 

In the case where the fluidic material 3596 comprises a hardenable fluidic 
material, the fluidic material 3595 preferably is permitted to cure and form an outer 
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annular body surrounding the periphery of the expanded tubular member 3525. 
Alternatively, in the case where the fluidic material 3595 is a non-hardenable fluidic 
material, the tubular member 3595 preferably is expanded into intimate contact with 
the interior walls of the wellbore 3575. In this manner, an outer annular body is not 

5 provided in all applications. 

As illustrated in Figure 22C, at some point during operation of the mud motor 
3530 and drill bit 3535, the pressure drop across the mud motor 3530 will create 
sufQdent back pressure to cause the operatingpressure within the pressure chamber 
3550 to elevate to the pressure necessary to extrude the tubular member 3525 off of 

10 the mandrel 3510. The elevation of the operating pressure within the pressure 
chamber 3550 will then cause the tubular member 3525 to extrude off of the mandrel 
3510 as illustrated in Figure 22D. For typical tubular members 3525, the necessary 
operating pressure may range, for example, from about 1,000 to 9,000 psi. In this 
manner, a wellbore casing is formed simultaneous with the drilling out of a new 

15 section of wellbore. 

In a particularly preferred embodiment, during the operation of the apparatus 
3500, the apparatus 3500 is lowered into the wellbore 3575 until the drill bit 3535 is 
proximate the bottom of the wellbore 3575. Throughout this process, the tubular 
member 3525 is preferably supported by the mandrel 3510. The apparatus 3500 is 

20 tiien lowered imtil the drill bit 3535 is placed in contact with the bottom of the 
wellbore 3575. At this point, at least a portion of the weight of the tubular member 
3525 is supported by the drill bit 3535. 

The fluidic material 3595 is then pumped into the first fluid passage 3540, 
second fluid passage 3545, pressure chamber 3550, third fluid passage 3555, and the 

25 inlet of the mud motor 3530. The mud motor 3530 then drives the drill bit 3535 to 
drill out a new section of the wellbore 3575. Once the differential pressure across the 
mud motor 3530 exceeds the minimum extrusion pressure for the tubular member 
3525, the tubular member 3525 begins to extrude off of the mandrel 3510. As the 
tubular member 3525 is extruded ofTof the mandrel 3510, the weight of the extruded 
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portion of the tubular member 3525 is transferred to and supported by the driU bit 
3535. In a preferred embodiment, the pumping pressure of the fluidic material 3595 
is maintained substantially constant throughout this process. At some point during 
the process of extruding the tubular member 3525 off of the mandrel 3510, a 
5 sufficient portion of the weight of the tubular member 3525 is transferred to the drill 
bit 3535 to stop the extrusion process due to the opposing force. Continued drilling 
by the drill bit 3535 eventually transfers a sufficient portion of the weight of the 
extruded portion of the tubular member 3525 back to the mandrel 3510. At this 
point, the extrusion of the tabular member 3525 off of the mandrel 3510 continues. 

10 In this manner, the support member 3505 never has to be moved and no drillpipe 
connections have to be made at the surfSace since the new section of the wellbore 
casing within the newly drilled section of wellbore is created by the constant 
downward feeding of the expanded tubular member 3525 off of the mandrel 3510. 
Once the new section of wellbore that is lined with the fully expanded tubular 

15 member 3525 is completed, the support member 3505 and mandrel 3510 are removed 
from the wellbore 3575. The drilling assembly including the mud motor 3530 and 
drill bit 3535 are then preferably removed by lowering a drillstring into the new 
section of wellbore casing and retrieving the drilling assembly by using the latch 
3600. The e3q)anded tubular member 3525 is then cemented using conventional 

20 squeeze cementing methods to provide a solid flnmilar sealing member around the 
periphery of the expanded tubular member 3525. 

Alternative^, the apparatus 3500 may be used to repair or form an 
underground pipeline or form a support member for a structure. In several preferred 
alternative embodiments, the teachings of the apparatus 3500 are combined with the 

25 teachings of the embodiments illustrated in Figures 1-21. For example, by operably 
coupling the mud motor 3530 and drill bit 3535 to the pressure chambers used to 
cause the radial expansion of the tubular members of the embodiments illustrated 
and described with reference to Figures 1-21, the use of plugs may be eliminated and 
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radial expansion of tubular members can be combined with the drilling out of new 
sections of wellbore. 

Referring now to FIGS. 23A, 23B and 23C, an apparatus 3700 for expanding 
a tubular member will be described. In a preferred embodiment, the apparatus 3700 
5 includes a support member 3705, a packer 3710, a first fluid conduit 3715, an annular 
fluid passage 3720, fluid inlets 3725, an annular seal 3730, a second fluid conduit 
3735, a fluid passage 3740, a mandrel 3745, a mandrel laimcher 3750» a tubular 
member 3755, slips 3760, and seals 3765. In a preferred embodiment, the apparatus 
3700 is used to radially e:q}and the tubular member 3755. In this manner, the 
10 apparatus 3700 may be used to form a wellbore casing, line a wellbore casing, form 
a pipeline, line a pipeline, form a structural support member, or repair a wellbore 
casing, pipeline or structural support member. In a preferred embodiment, the 
apparatus 3700 is used to clad at least a portion of the tubular member 3755 onto a 
preexisting tubular member. 
15 The support member 3705 is preferably coupled to the packer 3710 and the 

mandrel launcher 3750. The support member 3705 preferably comprises a tabular 
member fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, caxbon 
steel, or stainless steel. The support member 3705 is preferably selected to fit 
20 through a preexisting section of wellbore casing 3770. In this manner, the apparatus 
3700 n:iay be positioned within the wellbore casing 3770. In apreferred embodiment, 
the support member 3705 is releasably coupled to the mandrel launcher 3750. In this 
manner, the support member 3705 may be decoupled from the mandrel launcher 
3750 upon the completion of an extrusion operation. 
25 The packer 3710 is coupled to the support member 3705 and the first fluid 

conduit 3715. The packer 3710 preferably provides a fluid seal between the outside 
surface of the first Rvid conduit 3715 and the inside surface of the support member 
3705. In this manner, the packer 3710 preferably seals off and, in combination with 
the support member 3705, first fluid conduit 3715, second fluid conduit 3735, and 
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mandrel 3745, defines an annular chamber 3775. The packer 3710 may comprise any 
momber of conventional commercially available packers modified in accordance with 
the teachings of the present disclosm^. 

The first fluid condiiit 3715 is coupled to the packer 3710 and the annular seal 
5 3730. The first fluid conduit 3715 preferably comprises an flnTmlar member 
fabricated from any niunber of conventional commercially available materials such 
as, for example, oilfield coxmtry tubular goods, low alloy steel, carbon steel, or 
stainless steeL In a preferred embodiment, the first fluid conduit 3715 includes one 
or more fluid inlets 3725 for conveying fluidic materials firom the annular fluid 

10 passage 3720 into the chamber 3775. 

The annular fluid passage 3720 is defined by and positioned between the 
interior surface of the first fluid conduit 3715 and the interior surface of the second 
fluid conduit 3735. The annular fluid passage 3720 is preferably adapted to convey 
fluidic materials such as cement, water, epo^, lubricants, and slag mix at operating 

15 pressures and flow rates ranging fit>m about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide operational efiSciency. 

The flidd inlets 3725 are positioned in an end portion of the first fluid conduit 
3715. The fluid inlets 3725 preferably are adapted to convey fluidic materiglg such 
as cement, water, epoxy, lubricants, and slag mix at operating pressures and flow 

20 rates ranging fi^m about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
optimally provide operational efflciency. 

The aimular seal 3730 is coupled to the first fhud conduit 3715 and the second 
fluid conduit 3735. The annular seal 3730 preferably provides a fluid seal between 
the Ulterior surface of the first fluid conduit 3715 and the exterior surface of the 

25 second fluid conduit 3735. The annular seal 3730 preferably provides a fliiid seal 
between the interior surface of the first fliiid conduit 3715 and the exterior surface 
of the second fluid conduit 3735 during relative axial motion of the first fluid conduit 
3715 and the second fluid conduit 3735. The annular seal 3730 may comprise any 
number of conventional commercially available seals such as, for ^cample, o-rings, 
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polypak seals or metal spring energized seals. In a preferred embodiment, the 
an nular seal 3730 Comprises a polypak seal available from Parker Seals in order to 
optimally provide sealing for axial motion. 

The second fluid conduit 3735 is coupled to the annular seal 3730 and the 
mandrel 3745. The second fluid conduit preferably comprises a tubiilar member 
fabricated from any nxunber of conventional commercially available materials such 
as, for example, coiled tubing, oilfield country tubular goods, low alloy steel, stainless 
steel, or low carbon steel. In a preferred embodiment, the second fluid conduit 3735 
is adapted to convey fluidic materials such as cement, water, epoxy, lubricants, and 
slag mix at operating pressures and flow rates ranging from about 0 to 9,000 psi and 
0 to 3,000 gallons/minute in order to optimally provide operational efBdency. 

•The fluid passage 3740 is coupled to the second fluid conduit 3735 and the 
mandrel 3745. In a preferred embodiment, the fluid passage 3740 is adapted to 
convey fhiidic materials such as cement, water, epoxy, lubricants, and slag mix at 
operating pressures and flow rates rangiog from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide operational efficiency. 

The mandrel 3745 is coupled to the second fluid conduit 3735 and the mandrel 
launcher 3750. The mandrel 3745 preferably comprise an aimular member having 
a conic section fabricated from any number of conventional commercially available 
materials such as, for example, carbon steel, tool steel, ceramics, or composite 
materials. In a preferred embodiment, the ang^e of attack the conic section of the 
mandrel 3745 ranges from about 10 to 30 degrees in order to optimally expand the 
mandrel launcher 3750 and tubular mraober 3755 in the radial direction. In a 
preferred embodiment, the surface hardness of the conic section of the mandrel 3745 
ranges from about 50 Rockwell C to 70 Rockwell C. In a particularly preferred 
embodiment, the surface hardness of the outer surface of the conic section of the 
mandrel 3745 ranges from about 58 Rockwell C to 62 Rockwell C in order to 
optimally provide high yield stirength. In an alternative embodiment, the mandrel 



.237- 



Attorney Docket No. 25791.17 



radial expansion process is typically extremely small, and the operating contact 
pressures between the tubular member 5005 and the expansion mandrel 5000 are 
extremely high, the quantity of lubricating fluid provided to the trailing edge portion 
5030 is typically greatly reduced. In typical radial expansion operations, this 
5 reduction in lubrication in the traihng edge portion 5030 increases the forces required 
to radially e^and the tubular member 5005. 

Referring to FIG. 32, an embodiment of a system for lubricating the interface 
between an expansion cone and a tubular member during the esqpansion process will 
now be described. As illustrated in FIG. 32, an e3q[>ansion cone 5100, having a front 

10 end 5100a and a rear end 5100b, includes a tapered portion 5105 having an outer 
surface 3110, one or more circumferential grooves 5115a and 5115b, and one more 
internal flow passages 5120a and 5120b* 

In a preferred embodiment, the circumferential grooves 5115 are fluidicly 
coupled to the internal flow passages 5120. In this manner, during the radial 

15 expansion process, lubricating fluids are transmitted from the area ahead of the front 
5100a of the expansion cone 5100 into the circumferential grooves 5115. Thus, the 
trailing edge portion of the interface between the expansion cone 5100 and a tubular 
member is provided with an increased supply of lubricant, thereby reducing the 
amount of force required to radially expand the tubular member. In a preferred 

20 embodiment, the lubricating fluids are injected into the internal flow passages 5120 
using a fluid conduit that is coupled to the tapered end 5105 of the e^qiansion cone 
5100. Alternatively, lubricating fluids are provided for the internal flow passages 
5120 usmg a supply of hibricating fluids provided adjacent to the froAt 5100a of the 
expansion cone 5100. 

25 In a preferred embodiment, the expansion cone 5100 includes a plurality of 

circumferential grooves 5115. In a preferred embodiment, the cross sectional area of 
the circumferential grooves 5115 range from about 2X10"* in^ to 5X10"^ in^ in order 
to optimally provide lubrication to the trailing edge portion of the interface between 
the expansion cone 5100 and a tubular member during the radial expansion process. 
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In a preferred embodiment, the expansion cone 5100 includes drcumferential grooves 
5115 concentrated about the axial midpoint of the tapered portion 5105 in order to 
optimally provide lubrication to the trailing edge portion of the interface between the 
expansion cone 5100 and a tubular member during the radial expansion process. In 
5 a preferred embodiment, the circumferential grooves 5115 are eqiially spaced along 
the trailing edge portion of the expansion cone 5100 in order to optimally provide 
lubrication to the trailing edge portion of the interfece between the expansion cone 
5100 and a tubular member during the radial expansion process. 

In a preferred CTabodiment, the eiqiansion cone 5100 includes a plurality of 

10 flow passages 5120 coupled to each of the drcumferential grooves 5115. In a 
preferred embodiment, the cross-sectional area of the flowpassages 5120 ranges from 
about 2X10^ in* to 5X10"* in* in order to optimally provide lubrication to the trailing 
edge portion of the interface between the expansion cone 5100 and a tubular member 
during the radial expansion process. In a preferred embodiment, the cross sectionial 

15 area of the circumferential grooves 5115 is greater than the cross sectional area of the 
flow passage 5120 in order to minimize resistance to fluid flow. 

Referric^ to FIG. 33, another embodiment of a system for lubricating the 
interface between an expansion cone and a tubular member during the expansion 
process will now be described. As illustrated in FIG. 33, an expansion cone 5200, 

20 having a front end 5200a and a rear end 5200b, includes a tapered portion 5205 
having an outer surface 5210, one or more circumferential grooves 5215a and 5215b, 
and one or more axial grooves 5220a and 5220b. 

In a preferred raibodiment, the circumferential grooves 5215 are fluidicly 
coupled to the axial groves 5220. In this manner, during the radial expansion 

25 process, lubricating fluids are transmitted from the area ahead of the front 5200a of 
the expansion cone 5200 into the circumferential grooves 5215. Thus, the trailing 
edge portion of the interface between the expansion cone 5200 and a tubular member 
is provided with an increased supply of lubricant, thereby reducing the amount of 
force required to radially expand the tubular member. In a preferred embodiment, 
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the axial grooves 5220 are provided with lubricatizig fluid xising a supply of 
lubricating fluid positioned proximate the front end 5200a of the expansion cone 
5200. In a preferred embodiment, the circumferential grooves 3215 are concentrated 
about the axial midpoint of the tapered portion 5205 of the expansion cone 5200 in 
5 order to optimally provide lubrication to the trailing edge portion of the interface 
between the expansion cone 5200 and a tubular member diuing the radial esqiansion 
process. In a preferred embodiment, the circumferential grooves 5215 are equally 
spaced along the trailing edge portion of the expansion cone 5200 in order to 
optimally provide lubricationto the trailing edge portion of the interface between the 

10 expansion cone 5200 and a tubular member during the radial expansion process. 

In a preferred embodiment, the expansion cone 5200 includes a plurality of 
circumferential grooves 5215. In a preferred embodiment, thercross sectional area of 
the circumferential grooves 5215 range from about 2X10*^ in^ to 5X10'^ in^ in order 
to optimally provide lubrication to the trailing edge portion of the interface between 

15 the expansion cone 5200 and a tubular member during the radial expansion process. 

In a preferred embodiment, the e3q>ansion cone 5200 includes a plurality of 
axial grooves 5220 coupled to each of the circumferential grooves 52 15. In a preferred 
embodiment, the cross sectional area of the axial grooves 5220 ranges from about 
2X10*^ in^ to 5X10'^ in^ in order to optimally provide lubrication to the trailing edge 

20 portion of the interface between the eaqpansion cone 5200 and a tubular member 
during the radial e^qiansion process. In a preferred embodiment, the cross sectional 
area of the circumferential grooves 52 15 is greats than the cross sectional area of the 
axial grooves 5220 in order to minimize resistance to fluid flow. In a preferred 
embodiment, the axial groves 5220 are spaced apart in the circumferential direction 

25 by at least about 3 inches in order to optimally provide lubrication during the radial 
expansion process. 

Referring to FIG. 34, another embodiment of a system for lubricating the 
interface between an expansion cone and a tubular member during the eiqpansion 
process will now be described. As illustrated in FIG. 34, an expansion cone 5300, 
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having a front end 5300a and a rear end 5300b, includes a tapered portion 5305 
having an outer surface 5310, one or more circumferential grooves 5315a and 5315b, 
and one or more internal flow passages 5320a and 5320b. 

In a preferred embodiment, the circumferential grooves 5315 are fluidicly 
coupled to the internal flow passages 5320. In this manner, during the radial 
expansion process, lubricating fluids are transmitted from the areas in front of the 
front 5300a and/or behind the rear 5300b of the expansion cone 5300 into the 
circumferential grooves 5315. Thus, the trailing edge portion of the interface 
between the expansion cone 5300 and a tubular member is provided with an 
increased supply of lubricant, thereby reducing the amount of force required to 
radially expand the tubular member. Furthermore, the lubricating fluids also 
preferably pass to the area in front of the expansion cone. In this manner, the area 
adjacent to the front 5300a of the e^ansion cone 5300 is cleaned of foreign materials. 
In a preferred embodiment, the lubricating fluids are injected into the internal flow 
passages 5320 by pressurizing the area behind the rear 5300b of the expansion cone 
5300 during the radial expansion process. 

In a preferred embodiment, the expansion cone 5300 includes a plurality of 
drcunrferential grooves 5315. In a preferred embodiment, the cross sectional area of 
the circumferential grooves 5315 rai^s from about 2X10"* in^ to 5X10'* in* 
respectively, in order to optimally provide lubrication to the trailing edge portion of 
tlie interface between the expansion cone 5300 and a tubular member during the 
radial expansion process. In a preferred embodiment, the expansion cone 5300 
includes circumferential grooves 5315 that are concentrated about the axial midpoint 
of the tapered portion 5305 in order to optimally provide lubrication to the trailing 
edge portion of the interface between the expansion cone 5300 and a tubiilar member 
during the radial expansion process. In a preferred embodiment, the circxunferential 
grooves 53 15 are equally spaced along the trailing edge portion of the expansion cone 
5300 in order to optimally provide lubrication to the trailing edge portion of the 
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interface between the expansion cone 5300 and a tubular member during the radial 
expansion process. 

In a preferred embodiment, the expansion cone 5300 includes a plurality of 
flow passages 5320 coupled to each of the circumferential grooves 5315. In a 

5 preferred embodiment, the flow passages 5320 fluidicly couple the front end 5300a 
and the rear end 5300b of the expansion cone 5300. In a preferred embodiment, the 
cross-sectional area of the flow passages 5320 ranges from about 2X10*^ in^ to 5X10'^ 
in^ in order to optimally provide lubrication to the trailing edge portion of the 
interface between the expansion cone 5300 and a tubular member during the radial 

10 expansion process. In a preferred embodiment, the cross sectional area of the 
circumferential grooves 5315 is greater than the cross-sectional area of the flow 
passages 5320 in order to minimize resistance to flmd flow. 

Referring to FIG. 35, an embodiment of a system for lubricating the interface 
between an expansion cone and a tubular member during the expansion process will 

15 now be described. As ill\istrated in FIG. 35, an expansion cone 5400, having a front 
end 5400a and a rear end 5400b, includes a tapered portion 5405 having an outer 
surface 5410, one or more circumferential grooves 5415a and 5415b, and one or more 
axial grooves 5420a and 5420b. 

In a preferred embodiment, the circumferential grooves 5415 are fluidicly 

20 coupled to the axial grooves 5420. In this manner, during the radial expansion 
process, lubricating fluids are transmitted from the areas in front of the front 5400a 
and/or behind the rear 5400b of the expansion cone 5400 into the drcumferential 
grooves 5415. Thus, the trailing edge portion of the interface between the expansion 
cone 5400 and a tubular member is provided with an increased supply of lubricant, 

25 thereby reducing the amount of force reqxiired to radially expand the tubvdar 
member. Furthermore, in a preferred embodiment, pressurized lubricating fluids 
pass from the fluid passages 5420 to the area in front of the front 5400a of the 
expansion cone 5400. In this manner, the area adjacent to the front 5400a of the 
expansion cone 5400 is cleaned of foreign materials. In a preferred embodiment, the 
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ranges from about 10 to 30 degrees in order to nuniixiize the rdnge of required 
minimum propagation pressure PpR. 

Referring to FIG. 27, an embodiment of an expandable threaded connection 
4300 will now be described. The expandable threaded connection 4300 preferably 
5 includes a first tubular member 4305, a second tubular member 4310, a threaded 
connection 4315, an 0-ring groove 4320, and an 0-ring 4325. 

The first tubular member 4305 includes an inside wall 4330 and an outside 
wall 4335. The first tubular member 4305 preferably comprises an nnnniny member 
having a substantially constant wall thickness. The second tubular member 
10 4310 includes an inside wall 4340 and an outside wall 4345. The second tubular 
member 4310 preferably comprises an annular member having a substantially 
constant wall thickness. ' 

The first and second tubular members, 4305 and 4310, may comprise any 
number of conventional commercially available members. In a preferred 
15 embodiment, the inside and outside diameters of the first and second tubular 
members, 4305 and 4310, are substantially equal. In this manner, the burst strength 
of the tubular members, 4305 and 4310, are substantially equal. This minimizes the 
possibility of a catastrophic failure during the radial es^ansion process. 

The threaded connection 4315 may comprise any number of conventional 
20 threaded connections suitable for use with tubular members. In a prrferred 
embodiment, the threaded connection 4315 comprises a pin-and-box threaded 
connection. In this manner, the assembly of the first tubular member 4305 to the 
second tubular member 4310 is optimized. 

The 0-ring groove 4320 is preferably provided in the threaded portion of the 
25 interior wail 4340 of the second tubular member 4310. The 0-ring groove 4320 is 
preferably adapted to receive and support one or more 0-rings. The volumetric size 
of the O-ring groove 4320 is preferably selected to permit the 0-ring 4325 to expand 
at least approximately 20% in the axial direction during the radial expansion process. 
In this manner, deformation of the outer surface 4345 of the second tubular member 
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